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EXPLANATION OP THE PLATES. 


Flati Paox 

J f TEiaoNiAs, to illustrate Mr. B. A. Walford's paper on the 
\ Trigonue of the Jurassic Beds of North Oxfordwire 36 

Yj f Bolerite and Hornblende Schists, to illustrate Mr. Teall’s 
I paper on those rocks 133 

jjj f Fulgubitb on Hornblende-gneiss, to illustrate Mr. F.Eutlej’s 
\ paper on Fulgurite from Mont Blanc 152 

IV. Hollow Spherulites, to illustrate Mr. Cole’s paper 162 

y r Great Oolite Madreporaria, to illustrate Mr. B. F. Tomes’s 
I paper on those fossils 170 

yj r Map and Section of the Bio-Tinto Mining District, to illus- 
* { trate Mr. Collins’s paper on its geology 245 

VTT I Sodth-Adstralian Ohilostomatodb Bryozoa, to illustrate 
\ Mr. A. W. Waters’s paper on those fossils 279 

Vm. f Purbbck Ostracoda, to illustrate Prof. T. Bupert Jones’s 

IX. \ paper on those fossils 311 

XI. Bock-sections, to illustrate Prof. Judd’s paper on the Peri- 

Xn. ^ dotites of Scotland 354 

XIII. 


ypy f Sternal Apparatus of Iguanodon^ to illustrate Mr. Hulke’s 

* 1 paper on that subject 473 

f Map and Sections of Palaeozoic Bocks near Hayerfordwest, 

* \ to illustrate Messrs. Marr and Boberis’s paper on those rocks 476 

XVI I Welsh Picritbs, to illustrate Prof. Bonney*s 

* 1 paper on the so-called Diorite of Little Knott 511 




ERRATA ET CORRIGENDA. 


Page 68, note ||, line 1, dele ** for which the name Duporthite has been need- 
lessly proposed/’ 

Page 8i, line 4, for ** albite ** read “ oligoclase.” 

Page 455, Explanation of figure, /or “ Mowbrey ” read Moorhey.” 




BREATA ET CORRIGENDA. 

In Vol. XL. OF the Quabterlt Journal of the Gbol. 8oc. 


Page 166, line 4, fw “ 480 ” read “ 380.” 

Page 176, line 17, for HaHophyllum*" read ** Heliophyllum,’^ 

Page 176, line 18, for Acanthoc<Bnium ” read Acanthoconiumy 
Page 177, lino 13, for “ Triplasma^^ read “ TryplasTm.^* 

Page 177, line 14, for ** Scarithodes** read Acanthodas,*^ 

Page 177, line 9 from bottom, for ^'porcatm^^ read praacvtus!' 

Page 332, line 10, for ** in the fossil state ” read “ in the Mesozoic Rocks.” 

Page 492, line 7 from bottom, /or “Lincolnshire” read “ Leicestershire,” 

Page 508, lines 6 and 7 from bottom, /or “by those who have, of recent years, 
devoted all their time ” read “ by all those who have, of recent years, 
devoted their time.” 


[To he substituted for the list given in No. 160. j 




PROCEEDINGS 


OF XHE 

GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1884-85. 


November 5, 1884. 

Prof. T. G. Bonnet, D.Sc., LL.D., F.E.S., President, in the Chair. 

William Lower Carter, Esq., B.A., Emmanuel College, Cambridge, 
was elected a Fellow of the Society. 

The Secretary announcod,that a water-colour picture of the Hot 
Springs of Gardiner’s Kiver, Yellowstone Park, Wyoming Territory, 
U.8.A., which was painted on the spot by Thomas Moran, Esq., 
had been presented to the Society by the artist and A. G. Eenshaw, 
Esq., F.G.8. 

The list of Donations to the Library was read. 

The following communications were read : — 

1. On a new Deposit of PUocene Age at St. Erth, 15 miles east 
of the Land’s End, Cornwall.” By 8. V. Wood, Esq., F.G.8. 

2. “ The Cretaceous Beds at Black Yen, near Lyme Eegis, with 
some supplementary remarks on the Blackdown Beds.” By the 
Eev. W, Downes, B.A., F.G.S. 

3. On some Recent Discoveries in the Submerged Forest of 
Torbay.” By D. Pidgeon, Esq., F.G.8. 

The following specimens were exhibited : — 

Specimens exhibited by Searles V. Wood, Esq., the Rev. W. 
Downes, B.A., and D. Pidgeon, Esq., in illustration of their papers. 

a 




a 


PBOOSaBIKOB OP THX OXOIOQlOAti SOQXXXT. 


A worked Flint from the Oravel-beds (? Pleiatooene) in the 
Valley of the Tomb of the Kings, near Luxor (Thebes), Egypt, ex- 
hibit^ by John E. H. Peyton, Esq*, F.G.8. 

Speoimens of Volwta Lawherli from the Coralline Crag, and of 
Oyprina angulaia from the Blackdown beds, exhibited by W. H, 
Dalton, Esq., F.G.8. Upon these specimens the following note by 
Mr. Dalton was read : — “ The attention of tho Society being directed 
to the Blackdown beds, it may be worth while to note a peculiar 
feature in the specimen exhibited of Cyprim angulata^ Fleming, 
belonging to the Museum of Practical Geology, and brought hero to- 
night by the kind permission of the Director-General of the Geolo- 
gical Surrey. 

The valve, lying with its concavity downwards, has but partially 
imbedded itself in the sediment, and in subsequent silicification a 
film of chalcedony has been deposited on the free surface of the 
matrix within tho shell. 

Similar surfaces are shown by the casts of VohUa Lamherti, 
Sowerby, also here exhibited, from the collection of 3fr. H. Stopes, 
F.G.S. These were found in a small quarry of the Coralline Crag 
rock-bed at Aldborough. They show that as the shells lay on tho 
sea-bed, the upper part of each whorl was occupied by gases arising 
from the decomposition of the animal, to tho exclusion of the cal- 
careous mud, which could only rise to the crest of the arch of each 
successive suture. Its surface within the shell was not a plane, like 
that of the Blackdown specimen, but shows, for each whorl, an 
upward bulge in the centre, an annular depression near tho edge, 
and a rise from this hollow to the interior surface of the shell, indi- 
cating the effect of alternating pressures (probably tidal) acting, 
through the mouth of the shell, on tho elastic cushion of imprisoned 
gases, which would have escaped by the spiral, had the shells been 
rolled over two or three times only by currents. ” 


November 19, 1884. 

Prof. T. G. Boxxet, D.Sc., LL.D., F.E.8., President, in the Chair. 

Nicol Brown, Esq., 34 Canonbury Park, N.; James Charles 
Chaplin,^ Esq., 10 EarPs Court Square, 8.W. ; Herbert W. Hughes, 
Esq., Assoc. K.S.M., Priory Farm House, Dudley ; and Rev. Samuel 
Pilling, Osborne Terrace, Regent Road, Blackpool, were elected 
Fellows; Professor A. L. 0. Descloizeaux, of Paris, a Foreign 
Member ; and Professor Hermann Credner, of Leipzig, a Foreign 
Correspondent of the Society. 

The list of Donations to the Library was read. 

The following communications were read : — 

1. “ Note on the Resemblance of the Upper Molar Teeth of an 
Eocene Mammal {Neoplagiaulaoo, Lemoine) to those of Trityhdon.^^ 
Sir Richard Owen, K.C.R, F.R.S», FjG.S. 



vBoensDiiicKSi «v Tm 


$ 


2« ^*Oii tiie DLsooTery in one of the Bone-cares of Oresirell 
Orafs of a portion of the Upper Jaw of Ekphas prmig^tt9^ con- 
taining, in situ, the first and second Milk-molars (right ride)/’ By 
A. T, Metcalfe, Esq., F.G.S. 

3. Notes on the Bemains of Elephas primigenius from one 
of the Creswell Bone-caves.” By Sir B. Owen, K.C.B., P.B.8., 

F. G.S., &c. 

4. ** On the Stratigraphical Poritions of the Trigonim of the Lower 
and Middle Jurassic &ds of North Oxfordshire and adjacent districts.” 
By Edwin A. Walford, Esq., F.G.S. 

The following objects were exhibited : — 

Micro-photographs, illustrating secondary structures in some 
Sutherland rocks, exhibited by J. J. H. Teall, Esq., F.G.S. 

A specimen of Silver Glance incrusting Calcite, from Babbit 
Mountain, Lake Superior, exhibited by H. Bauerman, Esq., F.G.S. 
A new substage Condenser for the Microscope, exhibited by Dr. 

G. a Wallieh. 

Specimens exhibited by Messrs. Metcalfe and Walford, in illus- 
tration of their papers. 


December 3, 1884. 

Prof. T. G. Boiotet, D.Sc., LL.D., F.B.8., President, in the Chair. 

Walter Honley Bartlett, Esq., F.B.A.S., 4 Great George Street, 
Westminster, S.W.; Thomas Brook, Esq., Assoc. M. Inst. C.E., 
Hartley, Kirkburton, near Huddersfield ; Charles Ziothen Bunning, 
Esq., Warora, Central Provinces, East Indies ; Thomas EdwaM 
Candler, Esq., Canton Club, Canton, China ; Orville Adalbert Derby, 
Esq., Bio de Janeiro, Brazil ; Colin Doewra, Esq., Balls Pond Boad, 
N, ; Charles Eastwood, Esq., Linacro Works, Bootle, Liverpool; 
Frank Lynwood Garrison, Esq., 1523 Girard Avenue, Philadelphia, 
U.S.A. ; Bichard Charles Hills, Esq., 448 Welston Street, Denver, 
Colorado, U.S.A. ; Frank Johnson, Esq., Bio Tinto, and 379 Euston 
Boad, N.W. ; Sir Herbert Eustace Maxwell, Bart., M.P., Monreith, 
Whauphill, N.B. ; W. J. E. de Muller, Esq., Landhof, Bern, 
Switzerland; James Sterling, Esq., F.L.S.. District Surveyor, Omeo, 
Victoria; Thomas Henry Ward, Esq., E.I.B. Collieries, Giridih, 
Bengal ; Bev. Brownlow J. Westbrook, Greymouth, New Zealand ; 
and W. Hoffman Wood, Esq., 14 Park Square, Lee^, were elected 
Fellows of the Society. 

The list of Donations to the Library was read. 

The Secbetart announced that the following specimens had been 
presented to the Society’s Museum ; — ^ 

Specimens illustrating a paper on the Serpentines of Porthalla 
Cove (Q. J. G. S. vol. xl. p. 458), presented by the author, J. H. 
Collins, Esq., F.G.S, 
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Two slides with Oretaoeous lachenoporidss, illustrating a pap 
in the Q. Q. 8. toL xl. p. 850, present^ by the author, G* B. Yin 
Esq. 

l|[>ecimen8 of Fossil Bryozoa from Muddy Greek, Victoria, pre- 
sented by J. Bracebridge Wilson, Esq., of Geelong. 

Oasts of Fool^rints in the Lower New Bed Sandstone of Penrith, 
iflustrating a paper in the Q. J. G. 8. vol. xl. p. 479, presented by 
the author, G. Yarty Smith, Esq., F.G.S, 


The pBSsmxirr announced the great loss which the Society had 
sustained in the decease of Mr. K. A. C. Godwin-Austen, F.R.S., 
which took place at his country seat, Shalford House, near Guild- 
ford, on the 25th November, in his 7(>th year. He became a 
Fellow of the Society in the year 1830, so that ho had belonged to 
it for 54 years. For three years he filled the office of Foreign 
Secretary ’; he had been a Vice-President and an active Member of 
the Council ; but he always refused to bo nominated as President, 
although several times urged to accept that honour. He was a 
Wollaston Medallist and the author of sixteen papers in the 
Society’s publications. His writings were remarkable for their 
clear and masterly character, and displayed that peculiar insight 
into geological structure which almost amounts to foresight. 


The following communications were read : — 

1. “Note on a Section near Llanberis.” By Professor A H 

Green, F.G.S. ’ * 

2. “ The Tertiary' Basaltic Formation in Iceland.” Bv J. Starkio 

Gardner, Esq., F.L.S., F.G.S. ^ 

Plant-beds of the Basaltic Formation 
of Ulster.” By J. Startle Gardner, Esq., F.L.8., P.G.8. 

The following objects were exhibited 

Bock-specimens and Microscopic Sections, exhibited bv Prof A 
H. Green, F.G.8., in illustration of his paper. 

Speemens, exhibited by J. 8. Gardner, Esq., F.G.8., in iUustra- 
tion of his paper. 

Specimens from Iceland, exhibited by Prof. J. W. Judd F B S 
Sec. G.S., in illustration of Mr. Gardner’s paper. > • • •> 

A photograph of Palmphoneus nuncius, Torell and Lindstrom 
from the Upper Sdunan of the Isle of Gotland, exhibited bv Dr h’ 
Woodward, F.B.S., F.G.8. ^ 

day Ironstone Slabs from the Foreslrbed of Happisbureh ex- 
hibited by E. T. Newton, Esq., F.6.8. PP^ourgn, ex- 
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December 17, 1884. 

W. Cabbttthbrs, Esq., F.E.S., Vice-President, in the Chair. 

David Llevrellin Evans, Esq., The Gold Tops, Newport, Mon- 
mouthshire, was elected a Fellow of the Society. 


The list of Donations to the Library was read. 


The following communications were read : — 

1. “On the South-western Extension of the Clifton Fault 
By Prof. C. Lloyd Morgan, F.G.S., Assoc. E.SJtf. 

2. “ On the Eecent Discovery of Pteraspidian Fish in the Upper 
Silurian Eocks of North America.’^ By Prof. E. W. Claypole, B.A,, 
B.Sc. (Lend.), F.G.S. 

3. “ On some West* Indian Phosphate Deposits.^^ By George 
Hughes, Esq., F.C.S. (Communieated by W. T. Blanford, Esq., 
LL.D., F.E.S., Sec. G.S.) 

4. “Notes on species of Phyllopora and Thamniscus from the 
Lower Silurian Eocks, near Welshpool, Wales,” By George Eobert 
Vine, Esq. (Communicated by Prof. P. Martin Duncan, r.E.S., 
F.G.S.) 


Specimens and photographs were exhibited by George Hughes, 
Esq., F.C.S., in illustration of his paper. 


January 14, 1885. 

Prof. T, G, BoNmET, D.Sc., LL.D., F.E.S., President, in the Chair. 

Ewan Cameron Gallon, Esq., B.A., Shelsley Grange, Worcester ; 
Henry Brougham Guppy, Esq., M.B. Edinb., E.N., Surgeon on 
Board H.M.S. ‘ Lark,^ 17 Wood Lane, Falmouth ; Henry G, Hanks, 
Esq., State Mineralogist, Calitbrnia State Mining Bureau, San 
Francisco ; and William Elliott Howe, Esq., Matlock Bath, Derby-^ 
shire, were elected Fdlows of the Society. 
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Tim UUk of Donations to tiie Library was road. 


Xbo following oommunications were read : — 

1. ^^The Hetamorpbism of Dolerite into Hornblende-sohist.^ 
By J. J, Harris Toall, Esq,, M.A,, P.6.8. 

2. “ Sketch of the Geology of N’ew Zealand.” By Captain F. W. 
Hutton, F.G.8., Professor of Biology in the Canterbury College, 
University of Now Zealand. 

3. " The Drift-deposits of Colwyn Bay.” By T. Mellard Reade, 
Esq., F.G.S. 


The following objects were exhibited : — 

Life-sized photographs of the fruit of the recent Cycads, EncephaU 
artos latifrons and E. longifohus, from South Africa, exhibited by 
Prof. W. T. Thiselton Dyer, F.R.S. 

Objects shown with simple illumination, dark-ground illumina- 
tion, and polarized light, by means of Dr. Wallich’s now Condenser, 
exhibited by Dr. G. C. Wallich. 

Specimens and microscopic rock-sections, exhibited by J. J. H. 
Teall, Esq., F.G.S., in illustration of his paper. 


January 28, 1885. 

Prof. T. G. Bonket, D.Sc., LL.D., F.R.S., President, in the Chair. 

^Frederick John Cullis, Esq., 28 Claremont Road, Handsworth, 
Birmingham ; Henry Dewes, Esq., 19 Duchess Itoad, Edgbaston, 
Birmingham ; Henn' Hutchins French, Esq., Grove Road, Sutton, 
Surrey ; Jacob Hort Player, Esq., E.C.S., Calthorpe Road, Binuiiig- 
ham; and the Honourable Donald A. Smith of Montreal were 
elected Fellows, and Professor F. Eouque of Paris and Dr. Gustav 
lindstrom of Stockholm, Foreign Correspondents of the Society. 


The List of Donations to the Library was read. 

m Pb^ident called attention to the great loss the Society had 
summed m the sudden and unexpected death of Dr. J. Gwyn 

Je&eys,F.R.8.,&a, whohad been for twenty-one years continuous v 

a Member of the Council, and for fourteen years of that time had 
performed most valuable services to the Society as Treasurer 
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The following comiiiuiuca;iions were read 

1. ^ The Boulder-Olays of Lmeoltuihire : their Geographical Bange 
and Belative Age.’’ By A. J. Jakes-Browne^ Esq., B.A., F.G.S. 

2. On the Geology of the Bio-Tinto Mines, with some general 
remarks on the Pyritic Begion of the Sierra Morena.” By J. H. 
Collins, Esq., F.G.S. 

3. On some new or imperfectly known Madreporaria from the 
Great Oolite of the Counties of Oxford, Gloucester, and Somerset.” 
By B. F. Tomes, Esq., F.G.S. 

Specimens of Flint implements were exhibited by John Evans, 
Esq., LL.D., F.B.S., F.G.S. 


February 11, 1885. 

Prof. T. G. Boiotbt, D.Sc., LL.D., F.B.S., President, in the Chair. 

Arthur William Clayden, Esq., M.A., North Lodge, Bath College, 
Bath ; Samuel Bideal, Esq., B.Sc. (Lond.), F.C.S., Devon Lodge, 
Mayow Boad, Forest Hill, S.E. ; and H. W. Williams, Esq., Solva, 
Pembrokeshire, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “The Tertiary and Older Peridotites of Scotland.” By Prof. 
John W. Judd, F.B.S., Sec.G.S. 

2. “ Boulders wedged in the Falls of the Cynfael, Ffestiniog,” 
By T. Mellard Beade, Esq., F,G.S. 

[Abstract.] 

This paper briefly described certain phenomena of stream-denu- 
dation observed in the bed of the Cynfael, which has out a deep 
channel through the Lingula Flags, the course of the channel being 
mainly dependent on the jointing of the rock. In one spot the 
upper beds at the top of the gorge have slid upon the lower along 
their dip, about 10® to north by east, so as to project over the 
stream like a corbel ; and advantage has been taken of this to form 
a bridge by means of a slab of rock laid from the projecting mass to 
the top of the opposite bank. At another point several very large 
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bonlderB are wedged fast m the channel, and suspended OTer the 
stream^ whi<di flows about 6 feet beneath them. The boulders could 
not possibly have been carried down the existing gorge, and they 
did not, the author believed, fall from above. He suggested that 
they might have been carried down by the aid of ice, probably in 
the glacial period, when the stream ran in a wider channel at a 
higher level, and that the stream had since deepened its bed at least 
6 l^t below them. 

The following objects were exhibited ; — 

Eock-specimens and Microscopic Sections, exhibited by Prof. 
J. W. Judd, F.E.S., in illustration of his paper. 

Platinotype Photographs of Views in various parts of England, 
illustrating the features of the different Geologic^ Formations, ex- 
hibited by E. H. Tiddeman, Esq., F.G.S. 
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ANNUAL GENERAL MEETING, 


February 20, 1885. 


Prof. T. G. BoimET, D.Sc., LL.I)., F.R.8., President, in the Chair. 


Report op the Council pob 1884. 

In presenting their Report for the year 1884, the Council of the 
Geological Society regret to have to state that the improvement 
which they thought might be recognized in the position of the 
Society when they drew up their last Annual Report has not been 
maintained. They can only once more express the hope that this 
state of things is due chiefly, if not entirely, to the wide-spread 
depression which still prevails, and that in the course of a year or 
two a revival of the general prosperity of the country may place the 
affairs of the Society once more upon a satisfactory footing. 

The number of Fellows elected during the year is only 48, of 
whom 34 paid their fees before the end of the year, making, with 9 
previously elected Follows who paid their fees in 1884, a total 
accession during the year of only 43 Fellows. Against even this 
small number we have to set the loss by death of 32 Fellows, and 
by resignation of 18 FoUows, while 8 Fellows were removed from 
the list for non-payment of contributions, making a total loss of 
68 Fellows. There is thus a decrease of 15 in the number of 
Fellows. Of the 32 Fellows deceased 6 were compounders, and 
7 non-contributing Fellows, and as 1 non-contributing Fellow 
became Resident, and another resigned, the number of contributing 
Fellows is reduced by 6, being now 816. 

The total number of Fellows and Foreign Members and Corre- 
spondents was 1434 at the dose of the year 1883, and 1420 at the 
end of 1884. 

At the end of the year 1883 there were 2 vacancies in the list of 
Foreign Members; and during 1884 intelligence was received of 
the decease of 2 Foreign Members. Four Foreign Members were 
elected during the year to fill up these vacancies. 

In the list of Foreign Correspondents there was 1 vacancy at the 
dose of 1888, and intelligence was received of the death of 2 more 
during the year 1884. These losses, with the filling up of the 
above-mentioned vacancies in the list of Foreign Members, pro- 

VOL. XXI. 0 



to 


PBOGEEDDreS 09 THE OBOLOGIOAL BOCIETT. 


duoed in all 7 vacanoieB in the list of Foreign Correspondents, 6 of 
width were Med up during the year. Thus at the dose of the 
year 1884, the list of Foreign Members was complete, and there 
were 2 vacancies in that of the Foreign Correspondents of the 
Sooiely. 

The total Eeoeipts on account of Income for the year 1884 were 
only £2527 Is. 8<f. being £S7 9s. 5d. less than the estimated 
Income for the year. The total Expenditure, on the other hand, 
amounted to £2699 17s. 6d., or ^109 13s. more than the estimated 
Expenditure for the year. The excess of the Expenditure over the 
Income of the year was therefore .£172 15s. lOd, 

Out of the Balance in the Society's hands at the beginning of 
1884, the Council have invested the sum of ^£100 in the purchase of 
£99 Os. 2d. Consols. 

The Coimcil have to announce the completion of Vol, XL. and the 
commencement of Yol. XLI. of the Society's Quarterly Journal. 

The Council have also to announce that a valuable picture of the 
Hot Springs of Gardiner’s Eiver, Yellowstone Park, painted on the 
spot by T. Moran, Esq., has been kindly presented to the Society by 
that gentleman and A. G. Eenshaw, Esq., F.G.S. 

The Council have awarded the Wollaston Medal to George Busk, 
Esq., F.R.S., F.G.S., in recognition of the valuable services he has 
rendered to Geological Science by his long-continued researches 
among the Eecent and Fossil Polyzoa, and the Mammalia of the 
Post-Tertiary deposits. 

The Murchison Medal, with the sum of Ten Guineas from the 
proceeds of -the Fund, has been awarded to Dr. Ferdinand Homer, 
For. Memb. G.S., in testimony of appreciation of his researches in 
Palaeontology and Stratigraphical Geology, especially among the 
rocks of Pfdaeozoic age, in both the Old and the New World. 

The Lyell Medal, with the sum of Forty Pounds from the proceeds 
of the Fund, has been awarded to Professor H. G. Seeley, F.R.S., 
F.G.8., in recognition of his numerous and valuable contributions 
to Vertebrate Palaeontology and General Geology, and to aid him in 
the further prosecution of his researches. 

The Bigsby Medal has been awarded to M. Alphonse Benard, 
For. Corr. G.8., in token of appreciation of the great value of his 
petrographical researches among the older formations of Belgium, 
and 1^ studies of the nature and origin of Deep-sea Deposits. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to Dr. Charles Callaway, F.G.S., in recognition of the 
value of his investigations among the Archaean rocks, and to aid 
him in the further prosecution of his researches. 

The balance of the proceeds of the Murchison Geological Fund 
has been awarded to Horace B. Woodward, Esq., F.G.S., in testimony 
of appreciation of bis critical study of the Geology of England and 
Wales, and to aid him in completii^ his accurate digest of informa- 
tion upon the subject. 

The balance of the proceeds of the Lyell Geological Fund has been 
awarded to A. J. Jukes-Browne, Esq., F.G.S., in recognition of the 
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value of his investigations oonoeming the subdivisions of the Cre- 
taceous Books of this country, and to aid him in their further 
prosecution* 


Bepobt of the Libbart and Museuk Committee. 


Library. 

Since the last Anniversary Meeting a great number of valuable 
additions have been made to the Library, both by donation and by 
purchase. 

As Donations the Library has received about 219 volumes of 
separately published works and Survey Reports, and about 300 
Pamphlets and separate impressions of Memoirs, besides about 134 
volumes and 148 detached parts of the publications of various 
Societies, and 16 volumes of independent Periodicals presented 
chiefly by their respective Editors, and also 16 volumes of News- 
papers of various kinds. This will constitute a total addition to 
the Society’s Library, by donation, of about 420 volumes and 300 
pamphlets. 

A considerable number of Maps, Plans, and Charts have been 
added to the Society’s collections by presentations, chiefly from the 
Ordnance Survey of Great Britain, and from the French Depot de 
la Marine. These amount altogether to 832 sheets, but of them 
788 sheets, largo and small, are from the Ordnance Survey. Of the 
remainder, 26 sheets are from the Depot de la Marine, 6 from the 
Geological Survey of Saxony, 6 from that of Sweden, 5 from that of 
Norway, and 1, a large Geological Map of Canada, from the Canadian 
Geological Survey. 

The Books and Maps above referred to have been received from 
154 personal Donors, the Editors or Publishers of 15 Periodicals, 
and 172 Societies, Surveys, and other Public Bodies, making in all 
341 Donors. 

By Purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of 32 volumes of 
Books, and of 55 parts (making about 18 volumes) of various 
Periodicals, besides 33 parts of certain works published serially. 
Of the Geological Survey Map of Prance 9 sheets have been obtain^ 
by purchase. 

cost of Books, Periodicals, and Maps purchased during the 
year 1884 was £83 145. 3dJ., and of Bindi^ £54 95, 8d., mating a 
total of £138 35. lid. 
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Museum, 

The CollectaonB in the Maseiim remain in much the same con- 
dition as at the date of the last Bepoit of the Committee. 

During the year 1884 several interesting Donations were made to 
the Museum^ ike chief among them being a series of fossil Chilo- 
stomatons Bryozoa from Muddy Creek, Victoria, Australia, illustrative 
of Mr. A. W. Waterses papers in the ‘ Quarterly Journal,^ presented 
by J. Bracebridge Wilson, Esq., of Geelong. The others were ; — A 
specimen of Trowlesworthite, presented by R. N. Worth, Esq., 
F.G.S.; specimens of “ Iron-amianthus,” presented by the Rev, J. 
Magens Mello, F.G.S. ; specimens illustrative of his paper on Por- 
thalla Cove, presented by J. H. Collins, Esq., F.G.S. ; two slides of 
Cretaceous Lichenoporidse, presented by G. R. Vino, Esq. ; and casts 
of Footprints in the Lower New Red Sandstone of Penrith, presented 
by G. V, Smith, Esq., F.G.S. 
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COMFABATITB 8tA,TBMBBT OF THE NlTMBBB OF THE SodBIT A.T THE 
CCLOSB OF THE TBABS 1883 AHD 1884. 

Dec. 31. 1883. Deo. 31, 1884. 


Compounders 

Contributing Fellows 

Non-contributing Fellows . . 


Foreign Members 

Foreign Correspondents .... 


313 

313 

822 

816 

222 

213 

1357 

1342 

38 

40 

39 

38 

1434 

1420 


Comparative Statement explanatory of the Alterations in the Number 
of Fellows^ Foreign Members^ and Foreign Correspondents at the 
dose of the years 1883 and 1884. 

Number of Compounders, Contributing and Non- 
contributing Fellows, December 31, 1883 .... 

Add Fellows elected during former year and paid 

in 1884 / 

Add Fellows elected and paid in 1884 


1357 

9 

34 


1400 

Deduct Compounders deceased 6 

Contributing Fellows deceased 19 

Non- contributing Fellows deceased 7 

Contributing FeUows resigned 17 

Non-contributing Fellow resigned .... 1. 

Contributing FeUows removed 8 


Number of Foreign Members, and Foreign 1 

Correspondents, December 31, 1883 j 

Deduct Foreign Members deceased 2 

Foreign Correspondents deceased . . 2 

Foreign Correspondents elected \ ^ 

Foreign Members J 


77 


8 


1342 


69 

Add Foreign Members elected 4 

Foreign Correspondents elected 5 



Adaaa, G. P., Esq. I Milligan, J., Esq. 

Bragge, W., E^. Osbonle, Lieiut.-Col. 

Iqron, Esq. I Wdod, S. V., Esq. 


Mesident and other Contritmiiny Fellows (19). 


Beanland, Bey. A. 

Browne, W. K, Esq. 

Porbes, J. E., Esq. 
Godwin-Ansten, B. A. C,, Esq. 
Heniy, G. M., Esq. 

Herapath, S., Esq. 

Hunter, W., Esq. 

JBTutt, Bey. T. G. 

Iselin, JT. F., Esq. 

Jones, Sir W., ^irt. 


Murray, Alex., Esq. 
Pease, T,, Esq. 
Bichardson, B., Esq. 
Silver, Bev. F. 
Tomlison, H., Esq. 
Tylor, A., Esq. 
Vennor, H. G., Esq. 
Williams, C. 0., Esq. 
Williams, J. J., Esq. 


Non.’-eontrihuting Fellows (7). 


Bnckman, J., Esq. 
Ckilthxirst, J., Esq. 
Curley, T., Esq. 
Jenner, B. F. L., Esq. 


Lancaster, J., Esq. 
Stokes, Bev. W. H. 
Wright, Dr. T. 


Foreign Members (2). 

Sella, n Com. Q. | Goppert, Prof. H. B. 

Foreig^i Correspondents, 

Hochstetter, Dr. F. von. | Jager, Br. G. F. 


Fellows Resigned (18). 


Cockbum, W., Esq. 

Cooke, Maj. -General A. C. 
Fox, C. J., Esq. 

Gibson, Br. G. A. 

Greaves, Bev. E. W. 
Hardwick, P. C., Esq. 
Harris, W. H., 

Ladell, H. B., Esq. 
Marshall, J., Esq. 


j Morris, B., Esq. 

Neate, P. J., Esq. 
Preston, L., Esq. 
Bogers, A., Esq. 

Boss, Lieut.-Col, W. A. 
Sainter, J. B., Esq. 
Stair, A., Esq. 

Ward, J., Esq. 

! Willis, J., Esq. 
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B0V«% E, MMq* 
Vfrou^ W« 

Ooates, Esq. 
Eemshaady Dr. W. B. 


JNlotsyi jZsmdvscI (8)« 

]{sllor,EB.,Bsq. 

Sensed 

B(uideEJ.£,Esq. 
Shaw, Dr. J. 


The following Personagee were elected from the List of Foreign Oor- 
respondents to JUl the vacancies in the List of Foreign Members 
during the year 1884. 

Professor G. Oapellini of Bologna. 

Professor A. L. 0. Des Cloizeaux of Paris. 

Professor G. Meneghini of Pisa. 

Professor J. Szabo of Pesth. 


The following Personages were elected Foreign Correspondents during 
the year 1884. 

Dr. Charles Barrois of Lille. 

M. Alphonse Briart of Morlanwelz. 

Professor Hermann Credner of Leipzig. 

Baron C. von Ettingshausen of Gratz. 

Dr. E. Mojsisovics von Mojsvar of Vienna. 


After the Eeports had been read, it was resolved 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 



mmmxm m m mammL mmat, 

Sb im afterwairds reeolTBd:— 

fhat tibe thanta of the Sooiel^ be given to Frofessor J. Ftestwidi 
retiring firem the office of Tioe-Fresident. 

That the thanks of the Society be given to Colonel H. H. Gk>dwin- 
Ansten, Frofessor T. M^^Eenny Hughes, Frofessor J. Frestwioh, and 
F. W. Budler, Esq*, retiring from ^e CounoiL 

After the Balloting-glasses had been duly closed, and the lists 
examined bjrtbe Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the ensuing 
year : — 





OFFICEES. 

PSESIDENT. 

Prof. T, G. Bonney, D.8c., LL.D., F.B.S. 


riCE’PBmiDENTS. 

W. Carruthers, Esq., F.R.S. 

Jolm Evans, I).C.L., LL.D., F.R.8. 

J. W. Hulke, Esq., F.R.S. 

J. A. Phillips, Esq., F.R.S. 

8ECBETABIES. 

W. T. Blanford, LL.D., F.R.S. 

Prof. J. W. Judd, F.R.S. 

FOBEIGN 8ECBETABY. 

Warington W. Smyth, Esq., M.A., F.R.S. 

TBEA8UBEB, 

Prof. T. Wiltshire, MA.., F.L.S 


COUNCIL. 


H. Bauerman, Esq. 

W. T. Blanford, LL.D., F.R.S. 
Prof. T. G. Bonney, D.Sc., LL.D., 

F.R.S. 

W. Carruthers, Esq., F.R.S. 

Prof. W. Boyd Dawkins, M.A., 
F.R.8. 

John Evans, D.C.L.,LL.D.,F.R.S. 
A. Geikie, LL.D., F.R.8. 

Henry Hioks, M.D. 

Bev. Edwin Hill, M.A, 

G. J. Hinde, Ph.l). 

John Hopkinson, Esq. 


W. H. Hudleston, Esq., M.A., 
F.R.S. 

J. W. Hulke, Esq., F.R.8. 

Prof. T. Rupert Jones, F.R.S. 
Prof. J. W. Judd, F.R.S. 

J. E. Marr, Esq., M.A. 

J. A. Phillips, Esq., F.R.S. 

W. W. Smyth, Esq., M. A., F.B.S. 
J, J. H, Teall, Esq., M.A. 

W. Topley, Esq. 

Prof. T. Wiltshire, MA., F.L.8. 
Rev. H. H. Winwood, M.A. 

H. Woodward, LI4.D., F.R.S. 
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LIST OF 

THE FOREIGN MEMBERS 

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1884. 

Date of 
Election. 

1827. Dr. H. von Dechen, Bonn, 

1848. James Hall, Esq., Albany , State of New York, 

1850. Professor Bernhard Studer, Berne. 

1851. Professor James D. Dana, Neiv Haven^ Connecticut, 

1851. General G. '^on Ilelmorsen, St. Petersburg. 

1853. Count Alexander von Keyserlinpr, Raykull^ Russia, 

1863. Professor L. G. de Koninck, Li6ge. 

1856. Professor Ilobert Bunsen, For. Mom. Il.S., Heidelberg. 

1857. Professor II. R. Goppert, Bredau. (Deceased,) 
lSo7. Profes'^or II. B. Geinitz, Dresden. 

1857. Dr. Hermann A Inch, Vienna, 

1850. Dr. Ferdinand lioxxioYy Breslau. 

1860. Dr. H. Miliie-Edw ard^, For. M«‘m. Il.S., Paris. 

1864. M. Jules DoMuners, Pans, 

1866. Dr. Jo'^eph T.,t*idy, Pfutaddphia. 

l'^)?. Professor A. Daubree, For Mem. R.S., Paris, 

1871. Dr FiMn/ Jlitttr ^on ITauer, Vienna. 

1874. Profe-ssor AlplionM> F«i\re, Cemva. 

1874. Professor J] Hebert, Paris. 

1874. Professor Albert Gaudr\, Paris, 

1875. Profes-or FridoUn Sandberprer, B^urzhurg. 

1875. Profe'.sor Tin odor Kjerulf, Christiania. 

1875 Professor F, AujruA Quenstedt, Tubingen. 

1876. Professoi E. Be^ rich, 

1877. Dr. Cali Willndin G umbel, Munich. 

1877. Dr. Eduard Sues*', Vunna. 

1870. Dr. F. V. Hayden, IVadiingUm. 

1870. Major-General X. von Kokscharow, St. Petersburg. 

1870. M. Jules Marcou, Cambridge^ U. S. 

1870. Dr. .J. J. S. Steenstrup, For. Mem. R.S., Copenhagen. 

1880. Professor Gustav(‘ Dewalque, 

1880. Baron Adolf Erik Norden^ikiold, Stockholm, 

1880. Professor Ferdinand Ziikel, Leipzig. 

1881. 11 Commendatore Quintino Sella, igornc. {Deceased.) 

1882. Professor Sven Loven, Stockhobn. 

1882. Professor Ludwij^ RutiineytT, Basle. 

1883. Professor J. S. Newbem^, New York, 

1883. Profe-rior Otto Martin 3 orell, Stockholm, 

1884, I*rof(“<sor G. Capellini, Bologna. 

1884. Professor A. L. O. Des Cloiiseaux, For. M(mi. R.S., Pat'is. 

1884. Professor G. Meneghini, Pisa, 

1884. Professor J. Szabd, Pesfh. 
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LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1884. 

Date of 
Election. 

1863. Dr. G. F. Jager, Stuttgart. (Deceased^ 

1863. Count A. G. Marschall, Viemia. 

1863. Professor Giuseppe Ponzi, Roine. 

1863. Dr. F. Senft, Einonach. 

1864. Dr. Charles Martins, Montpellier. 

1866. Professor J. P. Lesley, Philadelphia. 

1866. Professor Victor llaulin, Bordeaux. 

1866. Baron Acliille de Zigno, Padua. 

1872. Herr Dionys Stur, Vienna. 

1872. Profes’^or J. D. Whitney, Camhridgey U. 8. 

1874. Professor Igino Cocchi, Florence, 

1874. M. Gusiaro H. Ootteau, Auierre. 

1874, Professor G, Seguenza, Mesbina. 

1874. Dr, T. C. Winkler, Haarlem. 

187*5. PrnfesM)! Gu'^tav Tschermak, Vienna. 

1876. Professor Jules Gosselet, Lille. 

1877. Professor George J. Brush, Hew Haven. 

1877. I’lofessor 10. lleiievier, Lausanne. 

1877. Count Gaston de Saporla, Aix-en-Provence. 

1871). Professor PituTo J. van Ik^neden, For. Mem. HS., Louvain. 
1871). M. lidouard Dupont, llru^sels. 

1871). Professor Guglielnio Guiscardi, Naples. 

1876. Ih’ofessor Gerhard Vom Bath, Bonn. 

1876. Dr. Emile Sauvage, Paris. 

1880. Professor Luigi Bellurdi, Turin. 

1880. Dr. Ferdinand ^ on I lochstetter, Vienna. (Deceased.) 

1880. Professor Leo Lesquereux, Volujnlms. 

1880. Dr. Melchior Xeuinayr, Vienna. 

1880. M. AlphonM‘ IJeiiard, Brnsseh. 

1881. Professor K. 1). Coiie, Philadelphia. 

1882. l^roft's-'or Louis Larlet, Toulouse. 

1882. Ih'ofe.ssor Alphonse 31 ilne-Kd wards, Paris. 

1883. 31. Francois Leopold Cornet, Mons. 

1883. Baron Ferdinand ^on Bichtliofen, Leipzig. 

1883. l*rofessor Karl Alfred Zittel, Munich. 

1884. Dr. Charles Barrois, Lille. 

1884. M. Alphonst» Biiarl, Morlamcelz. 

1884. Proft's.sor llt‘rnianii Creduer, Leipzig. 

1884. Baron C. von l^htingshausen, Graiz. 

1884. Dr. E. 3Iojsi8ovics von 3lojsvar, Vienna. 
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PBOCEBBINGS OF THE GEOLOGICAL SOCIETY, 


AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OF THE DONATION FUND 


ESTABLISHED BY 

WILLLiM HYDE WOLLASTON, M.D., F.R S., F.G.S., &c. 


promote researches concerning the mineral striictiirt* of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any couutr}^ by whom such researches may hereafter be 
made/’ — such individual not being a Member of the Council.” 


1831. Mr.AVilliam Smith. 

1835. Dr. G. A. ManteU. 

1836. M. Louis Agassiz. 

1837. 

I Dr. H. balconer. 

1838. Sir Richard Owen. 

1839. Professor C. G , Ehrenberg. 

1840. Professor A. II, Dumont. 

1841. M. Adolphe T. Brongniart. 

1842. Baron L. von Buch. 

1 843 i Beaumont. 

IM. P. A. Dufr^noy. 

1844. Rev. W. D. Conj beare. 

1845. Professor John Phillips. 

1846. Mr. William Lonsdale. 

1847. Dr. Ami Bond. 

1848. Rev. Dr. W. Buckland. 

1849. Profe‘’sor Joseph Prestwich. 
1860. Mr. William Hopkins. 

1851. Rev. Prof. A. Sedgwick. 

1852. Dr. W. II. Fitton. 

1863 J ^ i^^omte A. d'Archiac. 

1 M. E. de Vemeuil. 

1854. Sir Richard Griffith. 

1855. Sir H. T. De la Beche. 

1866. Sir W. E, Logan. 

1857. M. Joachim Barrande. 

1868 i Hermann von Meyer. 

(Mr. James Hall. 


1850. Mr. Charles Darwin. 

IHOO. Mr. Scarles \ . Wood. 

IKU. TVofessor Dr. H. G. Bronn. 
JM)2. Mr. R. A. (\ God win- Austen. 
1863. Professor Gustav Bischof. 
18(>4. Sir R. 1. Murchison. 

Ih66. Dr. Thomas Da\idson. 

1866. Sir Charles Lyell. 

18()7, !Mr. G. Poiihdt Scrope. 

1868. Professor Carl F. Naumann. 
18(J0. Dr. H. C. Sorby. 

1870. Professor G. P. Deshayes. 

1871. Sir A. C. Ramsay. 

1^72. Professor J. D. Dana. 

1873. Sir P. de M. Grey-Egerton. 

1874. Professor Oswald Ileer. 

1875. Profes-^or L. G. do Koninck. 
1870. Professor T. H. Huxley. 

1877. Mr Robert Mallet. 

1878. Dr. Thomas AVright. 

1879. Professor Bernhard Studer. 

1880. Professor Auguste Daubr4e. 

1881. Professor P. Martin Duncan, 

1882. Dr. Franz Ritter von Hauer. 

1883. Mr. W. T. Blanford. 

1884. Professor Albert Gaudiy. 

1885. Mr. George Busk. 



AJTNTJAL B15P0ET. 


21 


AWABDS 

OP THK 

balance of the proceeds of the WOLLASTON 
« DONATION-FUND.” 


1831. Mr. William Smith. 

1833. Mr. William Lonsdale. 

1834. M. Louis Aga‘^siz. 

1835. Br. G. A. Mantell. 

1830. Professor (L P. Doshayes. 
1838. Sir Pirhard Owen. 

1830. IVofes.sor C. G. Ehrenherg. 

1840. Mr. J. Be (>arle Sowerhy. 

1841. Professor Edward Forbes. 

1842. Professor John Moms. 

1843. Profeissor John Morris. 

1844. Mr. William J^onsdale. 

1845. Mr. Geddea Bain. 

184G. Mr. William Lonsdale. 

1847. M. Alcido d’Orbigny. 

j Cape-of-Good-Hope Fossils. 
I M. Alcide d’Orbigny. 

1840. Mr. William Lonsdale. 

1850. Professor John Morris. 

1851. M. Joachim Harrande. 

1852. Professor John ^Morris. 

1853. Professor L. G. de Koninck. 

1854. Br. S. P. Woodward. 

1855. Brs. (J. and F. Sandberger. 
186(). Professor CJ. P. Beshayes. 

1857. Br. S. P. Woodward. 

1858. Mr. James Hall, 
ia50. Mr. Charles Peach. 


j Professor T. Rupert Jones. 
1H(50. j yjj. Parker. 

1801. Profes.w A. Baubr^e. 

1802. Professor Oswald fleer. 

1803. Profes.sor Ferdinand SenfL 

1804. Professor G. P. Beshayes. 

1805. Mr. J. W. Salter. 

1800. Br. Henry Woodward. 

1807. Mr. W. H. Baily. 

1808. M. J. Bosquet. 

1800. hlr. W. Carruthers. 

1870. M. Marie Rouault. 

1871. Mr. R. Etheridge. 

1872. Br. James Croll. 

1873. Professor J. W. Judd. 

1874. Br. Henri Nyst. 

1875. Mr. L. C. Miall. 

1 87 6. Professor Giuseppe Seguenza. 

1877. Mr. R. Etheridge, Jun. 

1878. Professor W. J. SoUas. 

1879. Mr. S. Allport. 

1880. Mr. Thomas Bavies. 

1881. Br. R. H. Traquair. 
l8^2. Br. G. J. Hinde. 

1883. Mr. John Milne. 

1884. Mr. E. Tulley Newton. 

1885. Br. C. Callaway. 


AWARDS OF THE MURCHISON MEDAL 

AND OF TIIF. 

PROCEEBS OF ^‘THE MURCHISON GEOLOGICAL FUNB,*^ 

ESTABLISHED UNDER THE WILL OF THE LATE 
SIR ROBERICK IMPEY MURCHISON, Bart., RR.S., F.G.S. 

To be applied in every consecutive year in such manner as the Council 
of the Society may deem most useful in advancing geological science, 
whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
inquiries bearing upon the science of geology, or in rewarding any 



22 


PBOCEEDDSrGS OP THE GEOLOGICAL SOCIBT’ 


such trayellers, authors, or other persons, and the Medal to ho given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.’^ 


1873. Mr. William Pavies. JMedah 

1 873. Pnifessor Oswald Ileer. 

1874. Pr, J. J. Bigsby. Medal 

1874. Mr. Alfred Heli. 

1874. Professoii' Ralph Tate. 

1875. Mr. W. J. ITenwood. Medal 

1875. rrofes>or II. G. Seeley. 

1876. Ml*. A.R. C. St'hvyn. Medal. 

1876. Pi*. Janie^* Croll. 

1877. Rev. W. 13. Clarke. Medal 

1877. Proft^ssor J. F. Blake. 

1878. Pr. II. B. Geiiiitz. Medal 

1878. Professor C. Lapwortli. 

1870, Profe.saor F. M'Coy. M(dal 


1H7». Mr. .I.W. Ivirkhy. 

1880. Mr. R. Ftheridge. Medal 

1881. Professor A. Geikie. Medal 
1881. .Air. F. Riillev. 

188:>. Professor J.(»ossel<*t. Medal 
Proft‘s{.or T. Rup(n*t Jones. 
Professor 11. R. Goppert. 
Mi dal 

1883. Air. .lolin Young. 

1884. Pr. II. Woodward. Medal 
1*^8 1. Air. Martin Simpson. 

Professor F. Roiuer. Medal 
l88o. Air. II. 15. AVoodward. 


AWARDS OF THE LYELL AIEDAL 


AXJ> 01 'IIIL 

PROCEEDS OF THE ^‘LAELl. (iE()LO(iI(\\L FExM),** 


ESTABLISHED rNDLK THE ^MLL AM) (ODKIL OF THE LATL 
SIR CHARLES LYELL, 13\kt. FRS, F G.S. 


The Aledal be ghen annuull} *’ (<»r fr<m' tine* to tiiia ) ‘Ois a mark of 
honorary distinction as an expresvi(»n on tli(‘ })ait (»f tlie go\uiiing 
body of the Society that the Medallist has dest.r\t*d well of the 
Science,” — “not less than <me ihiid of tin* annual interest [of (lie 
fiindj to accompany the Aledal, tin- leinainimr ijittrest to la> giAeii in 
one or more portions at the di^Ktion of tlie Council for the encou- 
ragement of Gecdogy (^r of any of the alli< d s(inic(.s )>\ wdiich they 
shall consider Geology to ha%e been most niateiiall\ ad\sinced.” 


1876. Professor John Aloiris. 

Medal 

1877. Pr. James Hector. Medal 

1877. Mr. W. I*engelly. 

1878. Mr. G. Busk. Medal 

1878. Pr. W. Waagen. 

1879. Professor Edmond IK*]x*rt. 

Medal 

1879. Professor IT. A. Nicholson. 

1879. Pr. Henry AVoodward. 

1880. Afr. John Evans. Medal 

1880. Professor ¥. Quenstedt. 

1881. Sir J. W. Dawson. Medal 


18*<1. Pr. Anton Frit>ch. 

I 18«1. All*. G. R. Vine. 

Pr. J. lAcett. Medal 
Ke^. Nornian Glass. 

18^2. Professor (\ Lapw'orth. 

188.3. Pr. W. B. (Airpenter. Medal. 
I8k5. Air. P. H. (’arp(‘nter. 

188.‘5. AI. E. Rigaux. 

1884, Dr. Jo.se]li Etudy. Medal 
J884. I*rofe.>8or Charles J lapwortli. 

1885. Professor II. G. Seeley. 

Medal 

]88.’3. Air. A. J, J ukes-Brow'ne. 
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AWARDS OF THE BIOSBY MEDAL, 

FOUNDED BY 

Bn. J. J. BIGSBY, Rli.S., F.G.S. 

To bo awarded biennially " as an acknowledgment of eminent services 
in any department of Geology, irres])ective of the receiver’s country ; 
but ho must not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 
much.” 

1877. Professor 0. C. Marsh. 1888. Dr. Henry Ilicks. 

1879. Professor E. D. Cope. 1885. M. Alphonse Kenard. 

1881. Dr. 0. Barrois. 


AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 

ESTABLISHED UNDER THE WILL OP THE LATE 

Dr. II. 0 . BARLO^^^ F.G.S. 

** The perpetual interest to be applied every two or three years, as may 
bo approved by the Council, to or for the advancement of Geological 
Science.” 

1880. Purchase of microscope. 1S{:^4. Dr. James Croll. 

1881. Purchase of microscope lamps. 1884, Professor Leo Lesquereux. 

1882. Baron 0. von Ettingshausen. 
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Estimates for 

INCOME EXPECTED. 

£ 8. d. £ 8, d. 

Due for Subscriptions for Quarterly Journal . . 2 0 0 

Due for Arrears of Annual Contributions 160 0 0 

Due for Arrears of Admission-fees 81 16 0 

243 16 0 

Estimated Ordinary Income for lb85 : — 

Annual Contributions from Resident Fellows, and Non- 
residents iJ^’iO to 1801 1440 0 0 

Admission-fees 262 0 0 

Compositions 168 0 0 

Annual Contributions in advance 21 0 0 

Dividends on Console and Reduced 3 per Cents 230 0 0 

Advertisements in Quarterly Joiu-nal 6 10 0 

Sale of Tran.^action-, Library -eat alotrue, Orme- 
rod’s Index, Ilochstetter s New Zeidand, and 
List of Fellow'. 6 0 0 

Sale of Quarterly Journal, including? Longman’s 

account 200 0 0 

Sale of Geological Map, including Stanford’s 
account 16 0 0 

221 0 0 


£2681 6 0 

THOMAS Wn^TSIHRE, Tbkas. 

11 Feb. 1886. 



rnrANOiAi, eipobt. 25 

the Year 1885 . 

EXPENDITUEE ESTIMATED. 

£, s. d. £ 0 . d. 

House Expenditure : 

Taxes and Insurance 34 10 0 

Gas 22 0 0 

Fuel 30 0 0 

Furniture and Repairs 20 0 0 

House-repairs and Maintenance 15 0 0 

Annual Cleaning 20 0 0 

Washing and Sundries 32 0 0 

Tea at Meetings 16 0 0 

189 10 0 

Salaries and Wages : 

Assistant Secretary 350 0 0 

Clerk * 160 0 0 

Assistant in Library and Museum 130 0 0 

House Steward 105 0 0 

Housemaid 40 0 0 

Errand Boy 46 16 0 

Charwoman and Occasional Assistance 30 0 0 

Attendants at Meetings 8 0 0 

Accountants 10 10 0 

880 6 0 

Official ICxpendiluro : 

Stationery 25 0 0 

Miscellanoous Printing 22 tt 0 

Pobtuges and other Eipeiises 65 0 0 

112 0 0 

Library ^ ^ 

SoirtH* (half cost ) 34 0 0 

Publication.^ : 

Geological Map -0 0 0 

Quarterly »Iournal 050 0 0 

,, „ Commission, Postage, 

and Addressing 100 0 0 

List of Fellows 34 0 0 

Abstracts, including Postage 110 0 0 

1214 0 0 

Ihilaucti ill favour of the Society 1 10 0 


£2581 6 0 
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Income and Expenditure during the 


RECEIPTS. 

£> s, d. 

Balance in Bankers’ hands, 1 J anuary 1884. 346 0 1 

Balance in Clerk’s hands, 1 January 1884 . 16 3 5 


Compositions 

Arrears of Admission-fees 56 14 0 

Admission-fees, 1884 214 4 0 


Arrears of Annual Contributions 


£ s, d. 

362 3 6 
168 0 0 


270 18 0 
157 7 6 


Annual Contributions for 1884, viz. : 

Resident Fellows 1415 8 0 

Non-Resident Fellows ... 18 18 0 

1434 6 0 

Annual Contributions in advance 35 14 0 


Dividends on Consols 204 3 1 

„ Reduced 3 per Cents 30 8 10 

234 11 11 

Taylor Francis : Advertisements in Journal, Vol. 39. . 5 10 9 

Publications : 

Saleof Journal, Yols. l-nO 113 16 0 

„ Yol. 40* 80 8 9 

Sale of Library Catalogue 2 7 0 

Sale of Geological Map 20 7 8 

Sale of Orinorod’s Index 1 15 1 

Sale of Ilochstetter’e New Zealand 0 12 0 

Sale of Transactions 14 0 

Sale of List of Fellows 0 3 0 

220 13 6 

♦Due from Messrs. Longman, in addition to the 

above, on Journal, ^'ol. 40, Lc 06 9 9 

Due from Stanford on account of Geological Map 3 11 


09 10 10 


£2889 5 2 


We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 


(Signed) W. H. IIUDLESTON, 

J. ARTHUR PHILLIPS, 


j Auditors* 


9 Fth. 1885. 
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Year ending 31 December^ 1884. 

EXPENDITURE. 


House Expenditure; £ s, d. £ $. d. 

Taxes 19 2 6 

Fire-insurance 12 0 0 

Gas 20 19 5 

Fuel 2ri 17 0 

Furniture and Repairs 11 2 9 

House-repairs 12 11 4 

Annual Cleaning 19 13 5 

Washing and Sundries 31 15 1 

Tea at Meetings 10 0 0 

172 1 6 

Salaries and Wages : 

Assistant Secretary 350 0 0 

Clerk KJO 0 0 

Assistant in Library and Museum 130 0 0 

House Steward 105 0 0 

Housemaid 40 0 0 

Errand Boy 44 16 0 

Charwoman 28 17 0 

Attendants at Meetings 8 0 0 

Accountants 10 10 0 

877 3 6 

Official Expenditure ; 

Shvtionery 21 15 1 

M iscellaueoiis Printing 21 13 3 

Postages and other Expenses 75 8 9 

118 17 1 

Library 138 3 11 

Publications ; 

Geological Map 24 10 11 

Journal, Vols. 1-39 12 13 1 

„ Vol. 40 110(> 5 4 

,, „ Commission, 

Postage, and Addressing . 105 2 0 

1211 7 4 

Li.st of Fellows 33 12 9 

Abstracts, including Postage Ill 7 5 

1393 11 6 

Investment in .£99 0^. 2d, Consols 100 0 0 

Balance in Bankers’ hands, 31 Dec. 1884 . . 73 4 9 
Balance in Clerk^s hands, 31 Dec. 1884 . . 16 2 11 

89 7 8 


£2889 5 2 





IlHAirCIAl BBPOBT. 


29 


CM ^ 

o ^ 1 

crt 


C5<-hoc:^ 0000 

OrHOO 


::: CO ?M 20 CD 
O l-^rH 


CD CO X o 
a o r-i 


^ • 

-3 SrHp 

5 *^ 4 '’- 
ssl-s 
a a. J a 

_ i oD 

g'C 

I11I 

J3 p=>'^ 

'S'S.a.s 

So ^ 

I 2 S S 

o o 


' ’ Jh C 

I §d 

■fe ®p3 S g 
Ph 00 


THOMAS MHLTSHIEE, Treas. 
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PBOOEEBIKeB OP THE OEOLOOIOAL 600IXTY. 


Awakb op the W011.A8TON Medal. 

In handing tho Wollaston Gold Medal to Dr. W. T. Blanpobd, 
F.E.8., for transmission to Mr. Geobge Bdsk, F.li.S., F.G.8., the 
President addressed him as follows ; — 


Dr. Blanpobd, — 

The Council of the Geological Society has awarded to Mr. George 
Busk the Wollaston Medal in recognition of the value of his re- 
searches in more than one branch of Palicoiitology. Polyzoa, not 
only fossil but also recent, he has made peculiarly his own ; and his 
numerous separate papers, his British Museum Catalogue, and his 
memoir on the Polyzoa of the Crag, have entitled him to the lasting 
gratitude of workers at this class of the Molluscoida. But, i)erha})8 
as a relief to the study of these minute invt'rtebrates, he lias occu- 
pied himself, not less suecessfull} , u ith the larger vertobrata, so 
that to him we are indebted for much information on tlie fauna of 
Post-tertiary deposits, especially from tlie eaves of Malta and of 
Brixham. Permit me, in handing you this Medal for transmission 
to Mr. Busk, to express m\ pleasurt‘ at having a duty to dis- 
charge, and m\ earnest hope, in which I am sure all ])resent will 
share, that r(‘stored health ma) enable him to continue his work in 
the cause of our science. 


Dr. Blaxfoed, in nph , ex])rcssed his gratification at being selected 
as the medium for transmitting tlie Wolla^on Medal to Mr. JtrsK, 
whose compuKory a])seiice he mwcrthelcss greatly regretted, and 
from whom he read the following letter : — 


“ Dear Mr. Pkesidext, — 


• .‘ili Harley Stroct, W. 
“Feb. iU, 


“As, much to my regret and disai)poiiitm(‘nt, I find niystdf 
unable to attemd the Annual M(‘eting, 1 must tu‘>pass ujjon 
your kindness to expresh ni} warmest thanks and ]»est acknow- 
ledgments lor the honour you and tlie (buncil ha^e conterred u])on 
me in the awaird of the oldest of tlie Society’s Medals, and wdiose 
recipients form such a long and distinguished roll, to wdiich any one 
may indeed be pi and to see his name added. 

“ llie honour. aKo, in my c}Vh, is doubly gratifying as being the 
second testimonial of the same kind, and showing tlie favourable 
estimation in wdiich my few' labours liave been held liy tlie Geo- 
logical Society of London, w’hose continued prosperity and useful- 
ness will always be an object of my warmest wishes. 

“ Believe me, 

Yours very' sincerely, 

Geo, JBfsk.’’ 


Prof. T, Q. Bonney^ F.B.JS. 
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Award op the Wollastoh Dokatioh Ftod. 

The President then presented the Balance of the Proceeds of the 
Wollaston Donation Fund to Dr. Charles Callaway, F.G,8., and 
addressed him as follows ; — 

Dr. Charles Callaway, — 

The Council of the Geological Society has awarded to you the 
balance of the proceeds of the Wollaston Donation Fund, in re- 
cognition of the value of your researches among the older British 
rocks. By your identification of Upper Cambrian rocks in Shrop- 
shire you have placed beyond question the antiquity of the Ehyo- 
litic group of the Wrekin, our knowledge of which and of yet plder 
rocks in that district you have greatly augmented. Your contribu- 
tions also to the geology of Anglesey and towards unravelling the 
stratigraphy of the Scotch Highlands have been of great value, and 
we look forward to the results of further researches, in aid of which 
I have great jfieasure in placing in }our hands the amount of the 
award. That you receive it from a fellow- labourer will, I hope, 
make it not the less welcome. 

Dr. Callaway, in reply, said : — 

Mr, President, — 

I highly value the honour which the Council has seen fit to confer 
upon mo, and 1 shall not readily forget the kind words with which 
you have accompanied ilio award. We are told that the reward of 
virtue is not bread ; but bread is a siistainer of virtue : and in like 
manner, tliough geology is its own reward, the geologist is conscious 
of discoui’agement if the appreciation of his fellow-workers is with- 
held. 1 therefore regard this award as an effective stimulus to 
future exertion. It is a great pleasure to me to receive it at the 
hands of one who has so often been a kindly helper in working out 
difficult problems in lithology. 


Award op the MuRcmsoN Medal. 

The President then handed the Murchison Medal to Dr. Henry 
Woodward, F.ll.S., for transmission to Dr. Ferdinand Komeb, 
F.M.G.S., of Breslau, and addressed him as follows ; — 

Dr. Woodward, — 

The Council has awarded to Dr. Ferdinand Eomer the Murchison 
Medal and a sum of Ton Guineas from the Donation Fund. His 
life-long and unwearied labours in the service of our science have 
long since made his name familiar to his fellow-workers. When I 
state that the Eoyal Society Catalogue, published now more than 
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eleven years since, records the titles of 122 separate memoirs wntfcen 
by him, when I mention his other important works, such as that on 
the Chalk Formation of Texas, on the Hilurian Fauna of Tennessee, 
on the Geology of Upper Silesia, and the ‘ Lethosa Geognostica,’ I have 
said enough to prove that this memorial of an illustrious geologist 
could not well have been bestowed on a more illustrious recipient. 
In transmitting it to Dr. Homer, be so kind as to express our regret 
that distance and the season of the year have deprived us of the 
pleasure of his presence on this occasion. 

Dr. Woodward expressed his pleasure at being deputed to receive 
this ^kfedal for Dr. Feudixand Konnii, from whom ho had received 
the following letter: — 

“ Mr. President, — 

“ I am deeply sensible of the honour which you and the Council 
of the Geological Society have conferred upon me in presenting mo 
with the Murchison M(‘dal. 

“ I very much regret my inability to be present in order to receive 
this valuable mark of appreciation from your hands, and to exjiress 
personally to you my sincere thanks for this high mark of recog- 
nition which the Society has bestowed on mo. 

“ It is particularly gratifying to m(‘ that it is ihe Mmxhlson Mf dal 
which you have been })leased to confer u]>on me, because the greater 
part of my scientihe work has been directed to th(‘ study of those 
ancient rocks, the natural order of which was iirst recognized by the 
comprehensive gcuiius of its founder, Sir lioderick IMurchison. 

“ Fkrd. Komer.’^ 


Award of the Murchison (jteo logical Fund. 

In presenting the balance of the proceeds of the Murchison 
Geological Fund to Mr. Hok\ce Ik Woodward. F.G.S., the President 
addressed him us follows : — 

Mr. Horace B. Woodward, — 

The balance of tlie proceeds of the Murchison Donation Fund has 
been awarded to you in recognition of the good service which you 
have already rendered to geology, cs])ecially by your work among 
the later deposits of the eastern conntiCvS, and to aid you in further 
researches. But the excellent papers which you have written, in 
addition to the work done h; you as a member of the Geological 
Survey, do not constitute your only claim to our recognition. You 
have made use of the opportunity of your official position to promote 
a love of science among those who live in our eastern counties, and 
we are indebted to you for that admirable volume the * Geology of 
England and Wales,^ which, though in one sense a comjniation, is 
such a one as only a skilled geologist could produce. 



AinmrERSABT MEETHSTO ^LTKLL mDAl. 


33 


Mr, WooDWABD, in reply, said : — 

Mr, President, — 

I am highly honoured by this award of the Council which you 
have now placed in my hands. A little more than twenty-one years 
ago I commenced geological life in the service of this Society, as 
Assistant in the Library and Museum at Somerset House ; and I 
feel much indebted to that period for acquaintance with many 
geologists, who, for the sake of my father, extended the hand of 
friendship to me ; and 1 am likewise indebted to the duties J had 
then to perform for a knowledge (and I may say a love) of books, 
which perhaps influenced the production of that volume about which 
you have spoken so kindly. 

While labour is in most cases its own reward, it is a great satis- 
faction and a great cncourag<‘nient to })e told that one’s work is 
useful by those who are best qualified to judge. 


Award of the Ltell Medal. 

The President next presented the Lyell Medal to Professor H, G, 
Sei 3 .lv, P.E.8., F.G.S., and addressed him as follows : — 

Professor Seeley, — 

The Council has awarded to yon the Lyell ^Medal and a grant of 
j£4() in rt*cognition of your investigations into the anatomy and 
classification of the Fossil Ke])tilia, especially the Dinosauria. Hot 
that }Ou have limited yourself to this field of research; your 
pa])ers on Emjfn and on M((^aloritis and liritish Fossil 

Cretaceous Ifirds, on ZuKjlodou, and on remains of Mammalia from 
ytonosfield, prove >our extensive knowledge of vertebrate palaeon- 
tology, as }our proficiency in invertebrate is evidenced by your 
earlier work, both stratigra])hieal and directly ])ala'ontological. 
Furthermore, your excellent edition ot the first volume of Phillipses 
‘IManual of (loolog}’’ indicat('s an exceptional familiarity with the 
literature of our science. Since our accjujiiiitance first began, some 
twenty years since, at Cambridge, we have both had our disappoint- 
ments and our successes : you, undiscouraged by the one, uiielated 
by the other, liave pushed on to your ])re^ent high positio]i in 
science, making no enemies, winning many friends. I trust that 
your future career may be even more prosperous than your past, 
and that this Mi'clal may l)e an augury of many good gifts of fortune. 
You will, 1 know, believe me when 1 say that 1 feel an ('xcej.tioual 
pleasure in being commissioned to place in your hands tins Medal, 
commemorative of the great geologist whose philoso})hic spirit you 
so well appreciate, and whose memory, 1 know’, you so greatly 
revere. 
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Professor Seeley, in reply^ said:--** 

Mr. Peesideet, — 

No word? of mine could adequately reflect my sense of the kind 
words and kind feelings to which you have given expression. 1 
must, however, say that the honour of this award is one for which 
I am sincerely grateful. It is needless now to say anything in 
admiration of Lyell, but I may give utterance to a sense of personal 
obligation by saying that he has always seemed to mo the greatest 
teacher of our science. In receiving the Medal, however, which is 
associated with his name, I cannot but be conscious how far short 
what I have done has fallen of my efforts and aspirations, and that 
more work than I can hope to do should have been before you in 
justification. 'With regard to the new (‘dition of Phillips s (Jfeology, 
I would say that that work, founded on the necessities of my own 
teaching, was undertt^kon to do lioiiour to the memory of my old 
friend, Professor John Pliillips: but it would have been more inqxT- 
foctly done without the important help wliicb 1 found in your own 
writings. 1 shall find in thi*-; award a stimulus to future work, 
which I hojK' may give results more worthy of recognition than tlie 
work to whicli >ou have' referred. 


AwAiin or tiik Lykll (InoLooir^L FrNi>. 

Tlio PiiTMDi xi tlum Irinded t]i(‘ Palaiue of the proceed*^ of the 
Lyell (lioloaical Fund lo -Mr. .1. J. II. Li F.^i.S.. tor transmission 
to Mr. A. J. JuKi:s-liiiow.M:. F.(i.S.. and addressed him as follows : — 

Mr. Tj'all, — 

The balaii<‘c of the L^ell Donation Fund has boon awarded to 
^fr. A. J. Jukc^-Prowne in n'cognition of the excellent Mork tliat lie 
has done on the Cretaceous formation and on (ilacial geology, and 
to aid him in further researclies. Ifis j>a]>crs on tlie Cambridge 
Greensand clean'd up many difficulties connected with that in- 
teresting formation ; find in his Sedgwick prize (‘ssay on the Post- 
tertiary deposits of Cambridgeshire he commenced those investi- 
gations which have since brought us more tliari one valuable 
contribution on glacial and later deposits. You can tell him that 
his old (‘ollegc tutor feels a little pardonable pride and much real 
pleasure in being the instrument of placing this award in your 
hands for transmission to him. 

Mr. Teall, in re})ly, expressed his regret that Mr. Jukus-Peowee 
was prevented by dom(‘stic anxieties from being pri'sent, and read 
an extract from a letter received from him. In this Mr, Jukes- 
Pko^v ne said : — 
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‘‘ That my labours in the field of geology should have been thought 
worthy of such recognition is most gratifying and encouraging, and 
I am especially pleased that the award should come from the Lyell 
Donation Fund ; for among all the departed masters of our science 
there is no one for whom I feel greater respect than for Sir Charles 
Lyell, or whose mental attitude I more desire to imitate. To be 
entered therefore on the roll of those who are deemed worthy of 
receiving the award instituted by Sir Charles Lyell will always be a 
source of extreme pleasure. 

I need hardly assure the Council and Fellows of the Society 
that such strength and x^owers as I possess will be spent in the 
service of geological science, because that must be so as long as I am 
connected with the Geological Survey ; but this mark of their appro- 
bation will stimulate me in the performance of such extra-official 
work as 1 am able to accomplish, and I only wish that my health 
would allow me to do more.’’ 


Awakd of Tim Bigsby Gold Medax, 

In piv'sonting the Bigsby Gold Medal to Professor Bexard, of 
Brussels, the President addressed him as follows: — 

Professor Benahd, — 

When to a familiarity with geology in the field and a love of 
nature are united the skill of a finished chemist and the experience 
of a practised worker with the microscope, the results cannot fail to 
be of the utmost importance to our science. These qualifications, 
rarely united in any one man, are in yourself combined with an 
untiring industry and a love of science for its own sake. Thus 
arc indebted to you for man} imx)ortant contributions to our know- 
ledge in geology. Your early memoir “ Sur Ics llochcs Plutoniennes 
de la Belgique et do rArdcuiie Francaise,'^ written i]i conjunction 
with M. dt‘ la Yalltk* Poussin, wdll long be classic ; your papers on 
various subjects connected with the Carboniferous Limestone, on the 
coticiile, the i)hyllites, and other altered rocks of Belgium, and on 
the deep-sea deposits are too well known to need more than men- 
tion, and in recognition of these the Council has awarded you the 
Bigsby Medal. 

In placing it in your hands may I be allowed to express for 
myself and others the hope that it will be always a xdeasant souvenir 
of your many friends on this side of the Channel, some of whom, 
myself included, wdll not soon forget the xdeasant and, to us, most 
profitable days spent under your guidance in geological studies by 
the limestone ciifts of the winding Meuse and the wooded crags of 
the Ardennes. 
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THE ANNIYEESAKT ADDRESS OF THE PBESIDEITT. 
Prop. T, G. Boknby, D.Sc., LL.D., F.R.8. 


Gentlemen, 

In referring last year to the muster-roll of death, your Presi- 
dent remarked that it contained the name of only one Fellow who 
had been a contributor to our publications. Unhappily I am unable 
to repeat the remark. Earnest workers and valued friends during 
my year of office have been falling “ thick as autumn leaves in 
Valombrosa.’’ It is now my melancholy duty to pay to these the 
last tribute of respect, and dwell for a brief space on their memory. 

In Robert Alfred Cloyne Godwin- Austen we have lost not only a 
geologist of extensive knowledge and of an exceptionally philosophic 
mind, but also one of the links which united us with what we may 
almost call tlie heroic age ” of British Geology. He was born at 
Shalford House, near Guildford, on March 17, 1808, being the eldest 
son of tin late Sir H. E. Austen. Educated first at Midhurst School, 
he afterwards spent some time at a military college in France. 
Then(‘e h(‘ proceeded to Oxford, where he graduated and was elected 
a Fellow of Oriel College. Coming thus under the influence of Buck- 
land, he was secured for geology, and was elected a Fellow of this 
Society in the year 1S30. Three years afterwards he married the 
only daughter and heiress of the late General Sir H. T. Godwin, 
K.C.B., and on the death of that officer in 187) I, prefixed the name 
of Godwin to that of Austen. Devonshire was the scene of his 
earlier geological labours ; for not long after his election to this So- 
ciety he fixed his residence at Ogwell House, near Newton Abbot. 
His first contribution to our ])uhlications was made in 1834, and for 
the next six j’cars Devonshire formed the chief subject of his writings. 
The first ])aper relating to the south-€*ast of England appears in the 
‘ Proceedings’ for 1833, and after his removal from Devonshire to 
Chilworth ^Manor, near (xiiildford, the Cretaceous and Tertiary 
deposits, together with physical questions relating to the geologj" of 
the Channel and its vicinity received a large share of his attention, 
although Devonshire was uot forgotten. 

Mr. Godwin-Auston was elected a Fellow of the Royal Society in 
1849. He received various distinctions from Foreign Societies ; and the 
Wollaston Medal was awarded to him in 18(12. litr. Godwin-Austen 
was also an energetic Morabor of the British Association, and twice, 
at Norwich and at Brighton, presided over the Geological Section. 
For the greater part of his life his connexion with the Geological 
Society was of the closest kind ; a large number of his papers were 
contributed to our publications ; he served as one of the Secretaries ; 
subsequently he was in office as Foreign Secretary and as a Yice- 
President ; and it is well known that, had he been willing, the 
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Society would have gladly elected him President, Ha fin ally quitted 
the Council in 1870, about whiidi time his health became much 
impaired, and he was afterwards unable lo take any acjtive part in 
our meetings or in our work. After a lingering illness, ho expired 
on the 25th November last, to the regret of all who enjoyed the 
privilege of his friendship. The name, however, of (Jodwin- Austen 
will, fortunately, not di8a}»|)ear from ourlists, for the personal influ- 
ence and the scientitie ability of the father have* been transmitted 
to his son, our friend Colonel God win- Austen. 

Of the contributions to science of the late Mr. Godwin-Austen it 
is impossible, within the brief space allotted to thes4» notices, to give 
any adequate idea. A list of ]>apers is ap]M-mbHi to a laography 
by Mr, H. lb AVoodwanl (to which I am much indebted), ptiblisbed 
in the ‘ (Teoloirical Magu/inc ’ for laiiuan last. In addition t<» these, 
he odittnl the Memoir <»n the Fhnio-marine Tertiarn^ of the l^le 
■Wight, left in manuserij>t by its lamented author, the late Professor 
E. I'orbes, and co/njjh t***! the ‘ Nattirnl History of tin* KurojH*rin 
conimt‘nr«^f in tin same author. The u hole .ifter p. 12t), 
is the w<»ik of Mr. thuhcin-Au'^ti-n. He also miid«‘ nnpoitant con- 
frihuthm'* fo the ru'W edition of the 'Gfonough <i<o]<»gn'aI Map,’ 
publi'^htsl in 

His jvijtei*' oil the <d i‘*sifh‘ {♦i“n niid r»»uel.dion of the ro(ks of 
Devonshire ^sill ever he elastic in tlie hi-lort .d’ tint nu»Hi dlfheult 
region. Mr. God\vin-.\usten, us is uell known, ohjeefed t<» the 
distinction of tlu' fos^iliferous rocks lK*uedli the ('iiIm-iiH*?iHnres by 
the title •)f Devonian, and to the equivalence assuined hetwi en these 
and the Old Hed Sand.stone further north, con^'ideriinr tin* latter to 
lx‘ more nearly connected with the base of tlie (’arhoiiiferons seri(».s, 
and the former as the representative in time of tlie Upper Silurian, 
the differences of the fauna being regarded as due to tlie two hedng 
deposited in different and separated marine an'us. Although tin* 
general tendemey of subsequent re.search has been unfavourahlo to 
the view upheld ])y Mr. Godwin-Au4en, still it is one uliieh can- 
not whoUy Ih' neglected, and modifications in the direction of it seem 
likely to be made in the generally received theory. Ihit on what('V<T 
question Mr. Godwin-Austen wrote, whether on nodules in th<* 
■Paringdon Sands or on boulders in the (Jlialk, whetlier on superficial 
or subt<*rranean geologj’, whether on the ]>hysical features of the 
])rcsent or of jiast geological <‘pochs, he not only adorrnsl it by a 
clear expository style and a lucid ordering of fiicfs, hut by his philo- 
sophic treatment, as it were, raised tlie 8uhj(‘ct to a higher plane of 
thought. Preeminent ly the physical geographer of h\ gone periods,” 
as he was most happily termed by Murchison, wo may a]>ply to him 
the well-worn but, in his case, most true ]>hrase, aihi/ iefhfh (fWid non 
ornavit. One pa}>er only from his pen I will, in conclusion, espe- 
cially mention, because, to my mind, it is most tyjiical of all his 
work, namely, that “ On the Possible Plxt^nsion of tlio CV)al-moa8ures 
beneath the Bouth-castem parts of England.” To mysedf, when first 
I read it years ago, it was like a revelation ; it showed what strati- 
graphy might become when it “was viewed in a comprehensive spirit. 
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and its facts wore handled by a master in science : it proved the 
possibility of deciphering the physical history of the earth, even as 
its life-history was being reconstructed by the inductive labours 
of the palceontologist ; so that wo might hope to behold with our 
mental vision not only the strange forms which in long-past days had 
tenanted its waters and had moved upon its lands, but also the 
shores and the currents of its seas, the ridges and perhaps the moun- 
tains of its continents. 

Thomas Wihght was born at Paisley, in Renfrewshire, on Novem- 
ber 9, 1 SOD, and educated at the Grammar School in that town. 
After comi)let in g his articles with a surgeon, ho entered as a student in 
the Royal College of Surgeons at Dublin, and was soon distinguished 
for his proficiency in anatomical and physiological studies ; these, 
however, were int(*rrupted by the injurious effect of adissecting wound. 
This obliged him to decline an appointment which ojffered a prospect 
of a scientific career. After his restoration to health, he passed the 
College of Surgeons in the year 1832 and shortly afterwards entered 
ui)on the duties of his profession at Cheltenham, graduating as Doctor 
of Medicine at St. Andrews in 1804. His life was spent in active 
work, professional and scientific, in this pleasant Gloucestershire 
watering-place, whore ho held various appointments, among them 
tliat of Surgeon to the (Jen oral Hospital. But the dutic'^ of hispro- 
iesaion \\ ere not incompatihlo with an energetic pursuit of science. 
At first lie devoted much time to microscopic work, but as this 
threatened to injure hia. eyesight, he turned his attention to paleon- 
tology. For this study the neighbourhood of hi^ home then offered 
exceptional facilities, the numerous shallow excavations, many of 
comi)aratively ancient date, affording opj)ortunities to the collector 
wdiich can never again occur. Dr. Wright thus amassed a raagnifi- 
ceut collection of Jurassic Echinodormata and Cephalopoda, which, I 
regret to learn, has not found a resting-place in his own country. 
He published several pa})crs on the former Order in the ‘ Proceedings 
of the Cotteswold Field-Clul)’ and the ‘Annals and Magazine of 
Natural History,' which attracted the attention of Professor Edw'ard 
Forbes. Before long it was arranged that, while the latter under- 
took to describe for the Paheontographical Society the British Creta- 
ceous and Tertiary F^chinodermata, l)r. Wright should do the same 
with the Jurassic. But the premature death of Forbes before he 
liad commenced upon the C’rctaceous Echinodormata, caused the 
Council of the Paheontographical Society to request Dr. Wright to 
undertake an additional labour and carry into effect the purpose thus 
left incomplete. The description of the Jurassic and Cretaceous 
Echinodenuata occupied him for the greater part of his life, portions 
of the work appearing from the year 1853 to 1882 ; but in 1878 he 
commenced a description of the Lias Ammonitidae, 'which was barely 
completed af the time of his death. 

Dr. Wright A\as the author of about thirty-two separate papers on 
geological subjects, of which seven were contributed to our Journal; 
but the volumes above mentioned arc the great work of his life and 



40 


PUCKMDINGS OP THE QKOIOOICAL SOCIETY. 


an enduring monument of his esitcnsive knowledge and energetic 
industry. He was zealous in promoting, by lectures and every 
personal effort, the advancement of science in his own neighbour- 
hood. He was elected a Fellow of the Koval Society of Edinburgh 
in 1855, of this Society in 1859, and of the Koyal Society of London 
in 1879, and he received acknowledgments from several foreign 
scientific societies. The Wollaston Medal was awarded to him in 
1878. 

His health began to fail nearly a year ago, and, after a lingering 
iUness, he expired on November 17th last. But even suffering 
could not quench his enthusiasm for science. One cv"‘ning, some 
months since, w^hen death seemed to be vcr>' near, he roused himself 
and set to work on the revision of a proof-sheet, detenniiied that, 
BO far as lay in his power, he ould not leave his task unfinished ; 
and the last letter which ho ever wrote was on occasion of j)re- 
senting to the Society a lock of Dr. William Smith s hair. 

He wa< not rarely ]>resent at various seientitie gatheriiigs, whore 
bis stalwart fc'im, cast in northern mould, distinguished liim from 
the crowd, while his hearty toiie-^ and his gi'uial maimers madt* him 
ever a welcome guest. Those w'Ik* have had tlie ])ri\ilege (;f Ids 
friend‘'hi]^ valued him n<‘t only tor his jrn'at special knowledge, 
hut also for Ids wide g< iieral cultuie and hi" simare earno.^tne^s of 
charat ter. 

SrvRLf^ Vau N nxL was hoin on F(*])ruarv 4. 1 "'.‘lo. Son 

of a gcolotri"!, S(*arles Y. Wood. Seni(»r, our tonner Fellow’, so well 
known, to mention hut one thing, lor his great W’ork on tli»‘ J‘lio- 
ceiie Mollusfa, Ids att<‘ntioii was earl} directed to this sch'iue, and 
a commuidt} of inltn‘st, doubt Uss. foiiucd one of the 1ie^ whieli 
bound lather and son with a more tliaii eonimoii affeetion. On tin* 
death ot tlie former, his son undertook the dut} of TreasunT to the 
ralaoiitoiriaphical SociU}, with which the two names w’ill e^e^ be 
insej)arahlv connected. Mr. Searles Valentine Wood was brought 
U]) to tlie law’, and j)raeti&ed for some }earh as a solicitor at Wood- 
bridge. ill Suffolk, hut ultimateh gu\eup Ids jirofessioii in order that 
he might devote himself wholl\ to seieiititie work. Tertiary and 
Pobt- tertiary geology W'as the chief subject of his stud} ; and in 1 '^(;4 
he undertook, in coniiiany with ^Ir. Ilanner, a careful (‘xamiuation 
of the Pliocene and later deposits of the east of England. Thc'se w’cre 
all laid dow’n w ith conscientious minuteness on the Ordnance Survey 
Map, !Mr. Searles Wood taking as his share Ess(‘x and nearly the 
whole ot Suffolk. Th(‘ result of this w’ork, so far as relates to the 
New’cr Pliocene deposits (as thej were termed by Mr. Wood), has 
been eommunicated to this Society in two elaborate memoirs, jmb- 
lished in the volumes for^SStl and 1S82. But numerous minor 
papcTs, in addition to theses w’ere the result of Jlr. M'ood^s untiring 
industry. Of course, in questions so difficult as are almost all those 
relating to the so-called Glacial J'eriod, it is not to be expected that 
ever}’ conclusion of Mr. Wood’s will find acceptance with his fellow 



ANNIVBESA.RT ADDRESS OR THE PRESIDENT. 


41 

workers ; but all must admire and gratefully recognize his patience 
and industry in the collection of facts. 

For some years before his death his health was grievously im- 
paired, but neither infirmity nor debility, nor even pain, could turn 
him from his beloved studies. His last contribution to our Journal, 
read at the opening meeting of the present session, was on the 
remarkable fossiliferous Tertiary deposit, not long since discovered, 
at St. Erth, near Tenzance. A portion of that paper is printed in 
the current number of our Journal; but Mr. Searles Wood, in 
deference to the advice of friends, withdrew the list of species which 
he iiad given, in order that he might again present it with full 
descriptions of the more novel or more important forms. It will be 
remembered that, in the interesting discussion which followed, Hr. 
Gwyn Jeffreys spoke at some length against the view favoured by 
Mr. Wood as to the general equivalence of the deposit with some 
part of the lied Crag. We little thought then that in so brief a 
space both these accurate observers would have ceased from their 
labours. Tn concluding this too brief notice of a most earnest 
worker and most fimiable man, I shall venture to quote a few sen- 
tences from a letter to Professor Judd, written by Mr. Searles Wood 
only a few days ^ before his death, because it seems to me to give 
unconsciously a far better portrait of the man than I could hope to 
draw. 

Speakliig of a recent severe attack from which he had in part 
rocov<'red, but wliich was complicated by an ailment in one foot, 
he adds This compels me to maintain a recumbent posture all 
day as well as night, but it has not prevented my renewing my close 
examin.ition of the St.-Ertli clay for several hours a day. This clay, 
however, is so s^terile that 1 often work for days without finding a 
perfect sii(‘ll or a fragment worth anything for determination ; and 
I fane} that no one who had not perforce the leisure that I have, 
and a rather e\cci)tional perseverance, would work at it as I am 
doing, and I liope for many months }ct to do."' It was not so 
written : eiglit days later he pasbcd away. 

Jonx G^^Y\ Ji:fkrlys was born at Swansea on January 18, 
ISOD, and early display(‘d a talent for natural history. At the age 
of nineteen he eontriimted to the Linueaii Society a paper on the 
Pneiimouobranchous Mollusca ; and the study of this class formed at 
first the relaxation and afterwards the work of his life. He was 
olocted a member of the Tiinnean Society in 1829, and of the Royal 
in 1840, not joining our Society until the year 1801. He was also 
an acjtivo member of the British Association, in which he held 
various offices, and in 1877 that of President of the Biological 
Section. At ilie last meeting, at Montreal, he contributed a valuable 
communication on the Mollusca of the two sides of the* North 
Atlantic, which is being printed in e.vtenso in the volume for 1 884. 
From the University of St. Andrews he received the honorary degree 
Dated December 6, 1884. 
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of LL.D. Ho was educated as a solicitor, and for iu<i.iy years 
practised with mucli success at Swansea ; but in JSo< he was 
called to the bar, and soon afterwards retired from busiu-'^s. Ho 
then settled at Ware Priory, in Hertfordsliirt*, at wlii' li pictu- 
resque old mansion he resided till about four }ear8 since, thonc(‘, 
shortly before the death of his wife, ho removed to London, and 
took a house at Kensington, where he died in consequence of an 
apoplectic seizure on January after only a few hours’ illiK‘ss. On 
the previous evening he had been present at a lecture given by his 
son-in-law, Professor Moseley, at the Royal Institution ; and he was 
among us at the Council-table, at the Geological Club, and at the 
Evening Meeting on the last occasion prior to his death. Indeed 
his mental powers showed no signs of failure, and a slight increa- 
sing difficulty of hearing was dmost the only indication that he 
had numbered full 7b years. 

The study of the recent Mollusca was the chief scientific wmrk of 
Dr. Gw}’n Jeflreys’s life. He was one of the first to perceive the 
importance of dredging in the British seas ; and after many years^ 
experience in private enterprise, took charge, in and lS7b, of 
the scientific woik on board the ‘ Porcuj)iue ’ during two of her 
cruises. Hence Dr. Gwyn Jeftreys's.bost sei(*ntifie memorial will 
he his writingb on the Mollubca. chief of Mhich are liib large and 
important work on British Coneliology, and tlie ]>apeT>, unfortunately 
left unfinished at his death, on the Mollusea of the ‘Lightning’ 
and ‘ Porcii]>inc' Kx})editions.” publisht d in the ‘ Proe(‘edings ’ of the 
Zoological Society ; but his exact knowledge of recent forms gave 
his opinion an exceptional value on the fobsils of the later Teitiary 
deposits, and on these subjects he has communieatc^d ]>ai>ers, more 
valuable than numerous, to our Journal. But liis other services to 
our Society must not be forgotten. For sixtetui Acaib lie \mi.s its 
TreaMiRT. a po&ition for which h(‘ ^\as ]K*culiaily udjqited by his 
legal knowledge and habits of business, and the duties of \\liich he 
fulfilled with great assiduity and invariable court es\. lie lesigned 
that oftice four year*' ag<». liiit at the time of his sudden (l(*atli was 
still a member of the (buneil, having served oji it eontinuoush for 
twenty-one }ears. We shall for long mi^s lii^' critical aeuirnm and 
extensive kiio-w lodge. especially in any qu(“‘li(m relating to the later 
life-hibtoiy of the earth; but ^\e shall even imue deepl\ regn‘t tlie 
cheeiy*, kindly friend, and the trusty ad^is(‘^, win) for so many > ears 
has been a familiar figure at these and man} other scientific 
gathering.s. 

ALFKiin IVlor was horn on January’ liO, 1824. His parents were 
members of the Society of Friciids, and he was educated in schools 
connected with that body at Fpping and Tottenham. At the age of 
fifteen, however, he entered the manufactory of brass and coj)pcr 
work belonging to his family in Warwick Lane This early diversion 
from school to practical work was for Mr. T}lor the beginning rather 
than the end of his education. While singularly successful as a 
practical man of business, not only in the above factory, but also in 
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tho (jolliory owned by his family at Tylorstown, in the llhondda 
Valb y, he tound time to study anatomy for a period at 8t. Bartho- 
lom(‘w’s Hospital, and afterwards to become an accomplished geolo- 
gist . But even this was not all : he was an earnest advocate for 
technical education, and devoted no small portion of his time to 
various duties outside liis own business. He is the author of not a 
few papers, published in our J ournal and elsewhere ; and it may be 
mentioned that he was one of the first to doubt tho authenticity of 
tile celebrated Moulin-Quignon jaw. His most important and ela- 
borate papers are devoted to questions connected with the action of 
rain, rivers, and ice ; and ho may be regarded as the author of the 
name “ tho Pluvial Period.^’ Whatever opinions may be held as to 
the advantage of giving a special designation to the transitional 
interval between the Glacial epoch and that when the climate of the 
northern hemisphere finally arrived at its present condition, all must 
admit that Mr. Tylor did excellent work in drawing attention to the 
heavier rainfall which must have formerly prevailed, as well as in 
noting many interesting facts with regard to the various fluviatile 
deposits. His health failed during the last two or throe years of his 
life, overmuch work having brought on renal disease ; but, notwith- 
standing his malady, ho was able to visit America in the autumn of 
1884. On his return, however, his strength rapidly declined, and 
he died on Decoiuber 31, “ not so much from specific disease as from 
a collapse of the ^vholo framework of life.*^ He was married in 
1850, and has loft a widow and six children. It will be long before 
some of Mr. Tylor ’s work is forgotten in tho annals of geology ; but 
he has loft another — may I not say a better? — monument in the 
regretful afl'ootioii of many friends of his own standing, and in the 
enduring gratitude both of those less prosperous than himself, whom 
ho liberally aided, and of not a few members of a younger genera- 
tion, to whom, before they could help themselves, ho held out a 
hand to give them that greatest boon, a fair chanci.* in life. 

James Buckman was born at Cheltenham in the year 1814. 
Designed for the medical profession, he studied in London, but not 
liking it, he returned to Cheltenham and commenced business as a 
chemist. But Avhile in London he had evidenced a predilection for 
science, and had made a considerable collection of plants then found in 
the vicinity of the metropolis. In tho year 1 842 he was appointed to 
the curatoiship of the Birmingham Philosophical Institute, where he 
remained till his election as Professor at the Agiicultural College 
at Cirencester. There he worked assiduously for sixteen years, 
retiring in 1863 to a farm at Bradford Abbas, in Dorsetshire, where 
he died on November 23, 1884. He wTotc a large number of papers 
on archmology, botany (especially agricultural), and geology, some of 
the last being contributed to our Journal ; these dealt with questions 
concerning tho palaeontology and stratigraphy of the Jurassic sericb 
of tho districts with which ho was most familiar ; the last, published 
in tho 37th volume of our Journal, being “ On the terminations of 
some Ammonites from the Inferior Oolite of Dorset and Somerset.” 
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Eicharb Atkieson Peacock, formerly of Lancaster and St. Helier's, 
Jersey, died in London on February 2, 1885, aged 74. A civil en- 
gineer by profession, he took a great interest in goolog}’, especially 
devoting himself to the causes of volcanic eruptions and earthquakes, 
and to the evidence of alterations in the level of the laud in historic 
times. In the former ho regarded saturated steam as the motive 
]>ower, and on this subject ho published at least one work. He was 
the author of a book on the sinking of the north and west coasts of 
France and the south-western coasts of England, published in 18()8, 
and in the year 1876 read two pajKTs l)oh>re our Society on sub- 
sidence in Jersey and Ouernsey respectively. It is to he hoj)t‘d that 
the latter subject will not cease to attract notice now that wo 
have lost Mr. Peacock, for it is one of much interest. 1 may, 
however, remark that for its investigation the aeumeii of the his- 
torical critic is even more necessary than the kno^^ ledge of the 
geologist. 

QriETixo Sella, elected a Foreign ^Member of this Society in 1881, 
died ^farch 15, 1S84. An admirable mineralogist and a sound 
geologist, a man suce(*ssful alike in private and in ])iihlic Ini^iness, 
an accomplished statistician, statesman, and MinistcT of Finance, his 
death fell heavily on many circles and on many societies. 'Po us he 
was known as a mineralogist, who, had he diwoti'd himsedf wholly 
tothat study, would have attained a ]>Iace among tin* very fonanost of 
the time ; to anotlnn’ hand of Knglishin(*n his name was familiar as 
the President of the Italian Alpine Club; to others, again, as the 
President of the Academy «‘f the Lineei at Kome ; to tho-<i‘ \\ithout 
our scientific societie^, as the Miccc>sful Minister of State and the 
restorer of his country's finances to a comparatively sound condition. 
Our gcnerati<*ii has seen hut few men of ver>atility so great, 
industiy' so untiring, and success so varied, f(‘w who could have been 
more widely regretted ahrofid or inoredeejd} mouriu‘d at home. 

HmNRTcn IloBEKT GdPi’iuiT, M.D., Ph.I)., Ih-ofessor of Natural 
History in the University of Breslau, died on !May i s. 1^^4, ;it the 
advanced age of 84. He was clect(‘d a Foreign Memhcr of our 
Society in IS.") 7, and in ISSjwas awarded the Murchison Medal 
in recognition of his lahonrs in fossil botany. He was a mini of 
unwearied industry, 215 pa]>ers from his ])en being iccordcd in the 
List of the Uoyal Society, the first of them dating from 1828; his 
last work ^On the Flora of Amber,’ a quarto volumo, was jiuldished 
at Danzig in 181.‘h and an advance copy was forwarded to this 
Society, and laid on the table at the Anniv(Tsarv meeting, when 
the Murchison medal was lianded to his represemtative. In 1846 
he received from thci Acad<»my of Sciences at Haarlem a gold medal 
and nn award in money for his memoir on tlic Carbon ifiTous Flora. 
The little band devoted to that most important but rather neglected 
branch of our science, I’ala'obotany, will feel that the disajqiearance 
from their ranks of iJcinrich llobert Giiiipert is a loss not to bo 
lightly repaired. 
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Pebdihanb von Hochsxextek, son of a clerical professor at Esslingen 
in Wiirtemberg, was bom on April 30, 1829, Destined at first for 
his father^’s calling, he was led by his love of nature to adopt a 
scientific career, and studied at Tubingen under Prof. F. A, 
Quenstedt. After taking his doctor’s degree, he proceeded to 
Vienna, whore he made the acquaintance of Haidinger, and from 
1853 to 1850 was emidoyed on the geological survey of Eohemia. 
Ill the following years Hochstettcr was absent from his native land, 
being engaged as one of the scientific staff on the well-known 
voyage of the ‘ JS^ovara,’ during which ho quilted the ship for a time 
in order to study the geology of New Zealand and visit the 
Australian gold-fields. The results of his exjjlorations are published 
in the first volume of the geological section of the work describing 
the expedition of the ‘Novara;’ and Dr. Ilochstetter was also joint 
author of the small volume on New Zealand, a translation of which 
is in the possession of this Society. On his return he was suc- 
cessively Professor at the Vienna Imperial Polytechnic Institute, 
and Director of the Unitc'd Jnqierial Museum of Natural History, 
in both of which he reorganized the collections. In LSSO he was 
elected a Foreign Correspondent of this Society. He was the author 
of a large number of separate j)apers and meunoirs on mineralogical and 
geological subjects, bo&ides a ‘Manual of Orystallograjdiy’ and one on 
]Vlineralogy and i ireology ; and ho was the means of discovering 
pile-buildings and other remains of a prehistoric race on the 
margins of the lakes of Oariiithia. Dr. Hochstettcr was much 
ostecm(‘d hy the Imperial family of Austria, and numbered the Prince 
Imperial among his pu])ils. His health had been for some time in 
a failing condition, and ho died, much n‘gretted ]>y all who knew 
him, on July 21, 1^84, lt‘uving the reputation of an admirable geo- 
logist and an iiidefatigabh' worker. 

The long and melancholy list is not yet ended. AVe lament, in 
sympathy with oui’ geological brethren iicro^fy the Atlantic, Alexander 
Mi hhay, member of tlie Canadian Survei, to iilioiu we are indebted 
for most of what m e know of the geology of Newfoundland. We 
have lost also from tlie list of ^lembers who have contributed papers, 
Mr. T. CuKLEA' and Mr. Josniui CoLrnritsr, and but two days since 
came the heavy news of the death of Mr. J. F. Caaipdell. Born 
Uecember 29, 1821, the eldest son of Walter F. Campbell, Laird 
of Islay, and cousin of the present Duke of Arg}!!, his prospects 
early in life were darkened by the loss of the family pro}>erty during 
his father's lifetime, and thus he found himself, immediately after 
attaining his majority, thrown upon his own resources. This trial 
was borne with a (|uiet magnanimity which gained him the admi- 
ration of his kinsfolk and triends. He was called to the Bar, but 
never practised. From 1 854 to 1 860 he was successively Private 
Secretary to the Duke of Argyll and Secretary to the Board of 
Health, the Mines Commission, and the Lighthouses Commission, 
and from 1861 to 1880 he lield ofiice in Her Majesty's household. 
In the intervals of the above duties he travelled much. Iceland and 
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Sotmdmavia were more than onoe visited. In 1864 he wont to 
Anaefrica, describing the jonmey in ‘A Short American Tramp,’ 
published in 1865. In 1873-74 he travelled through the north of 
Europe to Archangel, thence through Kussia to the Caucasus, and 
home by Constantinople and Southern Europe. In 1874-75 he 
made the journey round the world described in ‘ My Circular Notes 
and at later periods spent some time in India, Syria, Palestine, and 
Egypt. He contributed to our Journal papers on glacial subjects, 
and wrote also on the Parallel Koads of Lochabor and on the Gold 
Diggings of Sutherland. In addition to this he was an authority 
on Scottish Folk Lore. By geologists, however, ho will always be 
best remembered in connexion with his book entitled ‘ Frost and 
Fire,’ published in 1S65, a work which bears evidence of his skill as 
an artist and accuracy as an observer, is full of quiet and quaint 
humour, is delightfully written, and, oven when not convincing, is 
none the less suggestive, ilih loss will be deeply felt, for he l)oro 
equally well adverse and ]»rosj>or<»iis fortune, and ‘‘ where ho was 
best known, there lit' was uLo lie.st loved." 


The papers wliieh have been jJie-'ented during the last session have 
not, I think, been inferior in number or in inleiest to those of the 
preceding one. As in that, papers more or less .stratigraphieal have 
preponderated, and no lack of inttucNl apju'ars in those (juestions 
where the petrologist g<K‘s hand in hand with the lield-woiker ; 
thus rocks igneous and rocks Areluean have r(‘Ceived a largo share of 
attention. Dr. C\ilbiwa\ read an elaborate paper bearing upon the 
relations of the older rocks of Anglesey. His assignment of certain 
fossiliferous strata to the Ordovician, rather than to the Oamliriaiijdid 
not seem to command the suffrages of other workers in the same field ; 
but it will be diffieult, I think, to gainsa\ the evidtuiee in favour of 
the Archa'an ag(‘ of the crystalline schists and so-called granites, 
which he brought forward in corroboration of tiiat laid before you 
last year. ^fr. Jfill broke ground in a field eomparalively new, 
whoso rocks have long called for investigation by tlu* more accurate 
modern methods, in liis paper on the rocks of Gm'rnsey. 

My predecessor suggested, in bis address last year, that there would 
be bettor chance of eont rovorNialists coming to an agreement on the 
difficult questions iiivolv(*d iu the geolog) of tho Areluean rocks, 
could they in{*et for discussion up(ui the ground. Provided that due 
precautions could be taken for i»reveiiting tin* melancholy consum- 
mation which was fatal to a well-known scientific society, there 
would be much, 1 think, in favour of tliis “ trial by a mixed commis- 
sion.” But ])ending any such gathering of the clans on the IVbidian 
moorland, Dr. Hicks laid before the Society his rejoinder to the 
criticisms made in the jirevious scs.sion liy tlie Director-General. As 
the forces of Jermyn Street had been conccntrat<'d on him, he not 
unnaturally sought the alliance of others, and Mr. T. Davies’s 
petrological appendix to Dr. Hicks’s pajier forms a valuable contri- 
bution t/O the history of these interesting Pembrokeshire rocks. Some 
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of the questions involved in this controversy cannot be settled in tl^e 
present state of our knowledge ; but on two of great importance, the 
two most vital to his theory, viz. the great antiquity of the so-called 
Dimetian rocks and the separability of the Febidian from the 
Cambrian, Dr, Hicks brought forward evidence which it is difficult 
to gainsay. Henceforth it will, I think, be admitted that the Dimetian 
cannot be regarded as an intrusive igneous rock of Palaeozoic age ; and 
that the Pebidian has, stratigraphically, at least as good a claim to be 
considered a distinct formation as the Lower Silurian of the Survey. 

In anticipation of the meeting of the Dritish Association in 
Canada, we received an excellent summary of the geology of the 
district traversed by the Canadian Pacific Hail way from our old 
friend Princii>al Dawson, who is always a welcome visitor on this side 
of the Atlantic, and in whose well-earned additional dignity we all 
rejoice. Professor (irccn jjroposed a new reading for a well-known 
but admittedly diflicult section at Llanberis. Mr. J. J, H. Teall has 
added to his reputation by his thorough and exhaustive paper “ On 
the Chemical and Microscopical Characters of the Whin Sill,” and that 
“ On the Conversion of a Dolerite into Hornblende-schisl Professor 
Judd has found time amidst his jjressing duties to ghe us another 
instalment of his investigations in Scotland in the paper read at our 
last meeting On the Tertiary and older Peridotites of the Western 
Islands,” a paper which will not only add largely to our knowledge 
of some very interesting rocks, but also be a most suggestive one to 
the petrologibt. At an earlier meeting in my year of office Professor 
Judd also presented a supplement to his important paper on the Eich- 
mond boring, when contributions were read by Prof. Rupert Jones on 
the Foraminifora and Ostracoda, by Dr. G. J. Hinde on the Calci- 
spongia', and by Mr. G. E.Tine on the Polyzoa obtained from tbe cores. 
A pai)er dealing v ith a cognate subject and of hardly less interest was 
tliat by Mr. J. Eunsoii on the range of the Palaeozoic rocks beneath 
Northampton. The author laid before us the details of four borings 
in the Northam])tonshire area, of which three had })een observed b) 
himself. At Kettering Road, one mile N.E. of Northampton, after 
passing through beds of the Inferior Oolite and the whole thickness of 
the Lias, about 67 feet of strata were traversed, which might repre- 
sent some part of the Trias, after which beds of the Carboniferous 
sei ies were struck at a depth of 86f) ft. (> inches and pierced for about 
45 ft. At Gaytoii the beds assigned to the Trias were 01 feet in thick- 
ness, and these were followed by beds of more dubious age for 22ft. 
6 inches, after wliich indubitable Lower Carboniferous Limestones 
and Shales were traversed for 190 feet, and were followed by rod grits 
and marl, pierced for a depth of 1 05 feet. These rocks, be they Lower 
Carboniferous or Old Red Sandstone, or yet earlier, are certainly 
made up, in part at least, of the ruins of granitoid rocks, and are 
interesting as throwing light upon the probable source of many 
fragments of reddish grit in the Trias of the north-east of England. 
It seems to mo not imi>ossible that rocks similar in composition to 
these may have helped to constitute the ancient uplands which 
probably formed the eastern boundary of the river-valley in connexion 
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with whidi the lower members of the Trias were deposited. In 
the third boring at Orton, 12 miles N.E. of Northampton, only about 
24 feet of rock occurred which could be possibly referred to the 
Trias, shortly after which a quartz-folsito was pierced, very similar in 
aU respects to the rock at High Sharpley (Cham wood Forest), which 
I was formerly inclined to refer to an altered rhyolitic ash, but now 
feel more disposed to regard ns a true lava, once glassy, but now 
devitrified, greatly crushed by subsequent pressure. 

The remaining stratigraphical pa]>ors are not very numerous, and 
mostly rather brief. Tliat by ^Ir. Downes on the Cretaceous beds 
at Black Yon has eonsiderabh’ augmented our knowhdge of the 
basemen t“beds of the Chalk in "the western area of Britain. Tlioso 
by Mr. Starkie (hirdner on the plant-])eariiig deposits in connexion 
with the basalts of Ireland and Iceland a})pear likely, when the 
whole evidence is publisht‘d, to rai^t* quest i»ms of importance as to 
the age of these deposits : and to the extrenudy interesting ])ap(‘r by 
Mr. Ji^arks Wood on the no le<;s j)robU‘matical deposit at St. Krth, 
1 have aln'ady n frr/rd. Mr. l.amplugli added largely to our 
knowltalge m)t unh of the fauna, but also of t)i(‘ str.itigraphy of the 
interesting fossilitVrous deport aNso(‘ifite<l \\ilh BouldiT-clay at 
Bridlington. Boulder-cbus tlum^elv's luve Immui the sulyoet of 
pa|)or3 by ]Mr. Mellard lleadr and Mr. Juke^-Brown(‘ ; an inter- 
esting paper by Col. (fodwin-Austeii and Mr. Wliitaker on a now 
railway-cutting at (Jiiildtord dealt with ?o>t-tertiarv rus w(‘ll as 
Tertiary geology ; and Mr. Pid<:eoii l)roui;ht us uj) to hiMorie time 
by his communicalion on the submerged forest at Torl^iy. 

On palaontoloi^y. we lia\e had the pleasure of leciiving three 
]>apers from our Nestor in that braiieliof g(‘ologi(Ml stiuh, Sir K. 
Owen. In that on a.v tima, from the so-called d'rias 

of the Orange lliver Fie(‘ State, he directed our attention to eiTtain 
mammalian charactcTs in tlie L iln rinthodoiit Ampliibiaiis. and in a 
later commuiiieation jiointcd out the rcseriildarice ])etwe<‘ii tin* 
of the South-African Tritfflodon. described last }car by liim and 
assigned to the Alammalia, and tliose of the Eoccaie mammal, Neo- 
jdaffia'nla.r. In a tliird j)ajH'r be describ(*d a janlion of a skull of a 
youthful Ekiduis anfiiiiuiti from Ores well (Vags. Mr. F. T. Newton 
introduced to rmr notice a new sjxm ii‘H of (lazelle from tlie Forest 
bed : Air. Aliall de'^cribed a fine -jieeiriK'n of MuidJiihflujs from the 
Yorkshire Coal-field : and Prof. F. W. (’hiypole s}iow(*d that in 
America he liad deti^U-d flie remain-* of PttTas])idian fishes at a 
lower geological horizon than they are known to oeciir in Pritain. 
A new sj>ecies of Conoa has b(‘en descri])ed b\ a new contri)>uf or. 
Air. T. Piolxuis; urid Air. AValford luis given us a second of liis 
carefully work(‘d-out essajs, in that “ On the Stratigriij)liica] 
Position of tlic Lower and Aliddle Jurassic Trujhmiv of North 
Oxfordshire and adjoining districts.'’ Air. Vine has tnaited of the 
Cretaceous IJchenop<irida', and Prof. Duncan, Air. Champeriiowne, 
and Air. Tomes of various corals. Professor Hugh(*s has reduced 
tlie number of extinct creatures by destroying Hpomfia i^ftradoAca ; 
while Dr. Hinde has sliown us that it is possible to understand 
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even such a difficult family as the Eeceptaculitidae. We received 
only one pala3obotanical paper, strictly speaking, namely, that by 
Mr. Kidston, on Zeilleria and other forms belonging to the old genus 
Sphcnopteris, 

In addition to these, several papers were read on geological 
subjects without the limits of the United Kingdom, dealing with 
localities not only on the continent of Europe, but also in regions 
so remote as Japan, Australia, and New Zealand. 

Turning for one moment from the work of our Fellows, as 
evidenced in our Quarterly Journal, wo may assert with just pride 
that in other quarters also the intellectual activity of the Society 
exhibits no s)mptom of decline. Many by their contributions have 
aided Dr. H, Woodward in maintaining the high standard of that 
most valuable periodical the Geological Magazine, whose coming of 
age ought to be cel(‘braicd this 5 ear. The annual volume of the 
Palmontographical Society, edited still, as it has been so long and so 
well, by our Treasurer, Prof. Wiltshire, more than keeps up its high 
reputation, and both deserves and needs the support of all geo- 
logists. In it Jlaron von Ettingshausen and Mr. J. Rtarkio 
Gardner oontinuo their work on the Eocene Flora ; Professor 
Eupert Jones, with his colkiho rat curs Messrs Kirkby and Brady, 
neither ut whom have we the ph'asure of counting among our 
Fellows, conclude tin ir moiiograj>h on the Carboniferous Entomo- 
straca; Dr. Woodward completes the descri})tion of the Carboniferous 
Trilobites ; ^Ir. Davidson, the supplement to the British Braohiopoda, 
bringing thus to an end, at any rate for a time, a work of inestim- 
able value to ever) student of geology ; and the volume ends with 
the seventh part of the description of the Ammonites of the Lias, 
the last coiitrihution ’^hich we shall receive from the pen of 
our departed fiiend Dr. T. Wriglit. Mr. Bauerraan has published a 
most useful ‘ "Manual of S)steniatic ^Mineralogy,’ thus completing his 
treatise on the subject. The large and exhaustive volume on orc- 
deposits entitles Mi. J. A. Phillips, our Alce-Prosident, to the 
gratitude of all students of that difficult branch of our science ; 
Professor P. M. Duncan has revised and augmented the fourth edi- 
tion of Sir Charles L) ell’s ‘ Student’s Manual of Geology ; ^ and the 
first volume of the late Professor Philli])s's ‘Manual of Geology,’ 
treating of Physical Geology and I’aheontology, testifies the can' and 
the erudition of Piofessor Seele). On this the editor has expended 
fully as much labour as would he needed for the production of an 
entirely now hook, and it is impossible to ])raise too highly the 
research which it evidences. It is far more than a text-hook, it is 
a directory to the student in prosecuting his investigations. We 
await impatienfly the second volume, on Stratigrajdiical Geology, 
which is in charge of our friend Mr. E. Ethoiidge, sometime 
President of this Society. J^astly, we have just received from the 
British Museum a copy (in advance) of Mr. E. Lydekker’s Illustrated 
Catalogue of the Fossil Mammalia (Pai't I.), and also a coi^y of a 
small illustrated Guido to the Fossil Fishes by Dr. H. Woodward. 
Both these books are placed upon the table. 
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Bnt the event of primary importance in geology during the past 
year has been the abandonment on the part of the Director General 
and other officers of the Geological Survey, of the Murchisonian 
hypothesis concerning the stratigraphy and th<' age of the meta- 
morphic rocks of the Central Highlands. In his letter, published 
in " Xature,’ Xov. Kl, 1S84, the Director General, “ spatiis conclusus 
iniquis,” was prevented from indicating the share which ])revious 
writers had taken in bringing about this result ; but as in these 
later days the morning stars of this reformation have arisen from 
our Society, and for the most part scintill ded in our Journal, 30 U 
wiU, I am sure, pardon me if I dwell briefly on the dawn before 
sunrise. Great as our giatitude slmuld be to those who ])ring us 
the perfect light, we sliouhl not forgtd tludr harbingers in darker 
times, even if they could not wholl\ disentangle themselves from 
the mists of error. 

The view th.it the erystalliiie schists of the Central Highlands * 
wore, in the main, metamorphosed represent. dives of Tiower Silurian 
strata, set forth in fullest detail in the classical paj)er« of the late* 
Sir K. Hurcldson and Dr. A. Geikie, was alwa\s stoutly resisted by 
the late J*rofe*sor Xicol; hut tlu' aiithoritt of its ui'Jiolders and the 
per&picuity of their arguments prevailed witli the geologie.il world, 
and opposition seemed to Imve expired witli fh(‘ death of Nieol. 
The Murchisonian h)}»othesis was endorsed by evcr\ offi( ial pub- 
lication ; it permeated our te\t-books. The first to r.nsi‘ the standard 
of revolt agjiin.st authorit} was Dr. 11. Hicks, who has devotcfl 
himself to the ideiititicMtion of IVe-Camhrian rocks wliich have been 
ahsorb(*d into and annexed b\ latc*r formations, and tludr n^stitution 
to Archa..in. with as mueh energ\ as, and Ixdter sneeoss tlian, some 
ethnologists have disphned in the discover} of the ‘‘lost ten trilies.*' 
In our Journal for the }ear l's7^ fvol, xwiv.), Dr. Hicks published 
a paper “ Ou the Metaiuorpliic and ()\erl}iiig Docks in the neigh- 
bourhood of Lo( h Maree, Ro-s-shire.'' In this, wdiih' agreeing with 
Sir R. Murchison and Dr. A, (Jeikie that tluTc wx'is an ascemding 
succession from the Hebridean series, tliroiigli tin* Toiridon s.and- 
stone, quartzites, and limestones to tlie fl.'igg} series (i-ilhsl hylhosr 
authors the Upper Gneiss), and an intrusive in.ass of s^enitie rock 
(exposed on the floor of Glen Logan at the liase of th(‘ last named), 
he maintained that tlnw were mistaken in suf>})osing the so-called 
Upper Gneiss, exhibited on the left bank of (jflen Logan and in the 
low^er part of Gbm Dochert}, to be a raetamorjdiie grou]), and had 
overlooked the fact that tnio mi*tamorphie rocks belonging to the 
oldest or Hebridean series rea])])e.ired in the floor of Ghm Doelierty, 
and by gradual!} rising and prob.abl} u])fau]ting, formed the whole 
ma.ss of Ren F}n, wdiencc they passed southwards to constitute th<* 
major part of the Central Highlends. 

In the volume for 1 '''^0 appeared a pajKT entitled Potiological 

^ \n exef*Ilf*nf skotrli of flip enrlicr stages of the eonIroierHy as to the ago 
of the rocks of the ScoU-h llighlancls is given by Mr. \V. IL Jlndleston, in a 
paj>er read to the Ocoloiri*,!*,’ A^somtion in I W), and printed in J*rou* ‘dings 
Ooul. Assoc. \ol. vi p. 47. 
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Notes on the vicinity of the upper part of Loch Marce.” The author, 
after emphasizing certain stratigraphical difficulties to which atten- 
tion had been called at the reading of the last-named paper, expressed 
his opinion, founded on microscopic study, that the flaggy beds, 
regarded as unaltered Lower Silurian by Dr. Hicks, were rightly 
called metamorphic and were true schists, although very different in 
character from the admitted Hebridean rocks ; he stated also that he 
had been unable to recognize any distinction between a newer and 
an older series in Gleii Docherly, the former appearing to pass on 
from its escarpment at the upper end of Loch Haree towards Ben 
Fyn, although certainly the rock became more higlily metamorphosed 
in this direction. The author accordingly contended that Dr. Hicks 
had failed to make good his criticism against the Murchisonian 
hypothesis. He asserted, however, that previous observers were in 
error in supposing the/‘ syenite ” of Glen Logan to be an intrusive 
mass of igneous rock, and maintained, on stratigraphical and petrolo- 
gical evidence, that it was simply a portion of the Hebridean floor 
brought up into its jiresent position by faults *. 

The controversy was jiow transferred to the pages of the ‘ Geo- 
logical Magazine.’ Dr. Hicks obtained the valuable aid of Mr. T. 
Davies to examine his specimens microscopically, and published a 
.series of papers in the volume for 1 880 (vol. vii. dec. 2). In these 
he maintains the general accuracy of his former views, insisting 
much on the identity of the Ben Fyn schists with those of admittedly 
Hebridean age at Gairloch; a i^oint which, though obviously of 
l)rimary importance in the argument, had unaccountably in his 
former pa])or been passed over almost in silence. He also admitted 
that the so-called syenite of Glen Logan was not intrusive in the 
Lower ISilurian strata, though he still regarded it as an igneous rock, 
but of Pre-Cambrian age, and he modified the section, which had been 
most open to criticism, so as to weaken the main objections. To these 
papers his critic briefly replied, commenting upon what appeared to 
him the weak points of the defence, and expressing more clearly his 
own position in <h(' following words, “ It is possible there may be 
very much Pro -Cambrian rock in the Scotch Highlands ; my con- 
tention is that Dr. Hicks’s proof of this is ciToneous." 

Another pajior was read by Dr. Hicks before our Society upon the 
age of the Scotch Highlands, which, however, was subsequently 
withdrawn by the author, so that only a short abstract appears in 
the volume for 1880 ; but I believe the substance of it was after- 
wards embodied b)’ him in an address to the Geologists’ Association. 
In this Dr. Hicks deals with the district for a considerable distance 
on either side of Loch Linnhc, Loch Eil, and tlie S.M^. end of the 
Caledonian Canal. He shows that here also a groat series of rocks 
occur corresponding with those of Hebridean typo, both as asserted 
by himself and as admitted by his opponents, with which are in- 
folded both a schistose series, which he is disposed to correlate with 

* The possibility of part of this being gneiss had already bt'en suggested 
(without the knowledge of the writor of the above paper) by Mr. lludleston 
in his communication to the Geologists* Association. 
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the Pebidian of 'Wales, and a group of rocks comparatively nu- 
aitered, which he regards as Silurian. 

In the volume for 1881 a new combatant appears, and the d(*bato 
is transferred to another region. I)r. C. Callaway, in a short pa])cr 
on ** the Limestone o^ Durness and Assynt," comes to a conclusion 
which perhaj^s may }>e most simply ex})ressed in his own words. 
He had selected the h>calities because they alone are alleged to 
have yielded fossils from the limestone, and because Hurehison 
regarded them as of primaiy importance in the construction of his 
argument. My researches,” he says, “ led me to tho conclusion, 
not only that the sections were broken and therefore untrustworthy, 
but that the relations of the several rock groups were inconsistent 
with the supposition that the limestone j>assed below any part of the 
newer niotamorphic s('rios." In aiudhiu* short ])aper published in 
the volume for ]>S2 lie asserts the conformity of the (|ii}irlzit(‘ with 
the Torridon Sandstone in tho Loch Lroom and Loch Assyiit region, 
and on that ground maintains that tlu* latter has more claim to be 
referred to tlie lower part of the Ordovician than to the Cambrian 
series. In a ])a])er entitled First impressions of As^ynt,’’ published 
in the *Ge(»logical Magazine’ f<»r 1 Mr. Hndh'ston insists strongly 
on the evidence of folding and faulting’ on a vast scale, doubting the 
existence of th(‘ “ rpjier (^iiaifzite.” and brin'^ing forward numerous 
reasons for lielieving that the equivaU*nt in that district of the 
“s\enite ” of Glen Logan was, “ trum t(»}> to bottom. tb(‘ local rcj>rc- 
sentative of the fundamental gneiss, orsometliing that is first cousin 
to it.” 

In the volume for 1'*''^.*?, Dr. Hicks rcturm^d undaunted to the 
attack, and, in tin* chivalrous spirit of on(‘ who fights for truth 
rather than for victory, took his old antagonist into his confidence, 
and obtained lii^ aid in tlie examination of Ids collections. In this 
paper, which deals with an ext<*nsivf‘ district on tho western side of 
Scotland, between jiarallels of latitude dra^\rl roughly through Fort 
'William on the south and the lower end of Loch ^laree on the 
north, Dr. Hicks gi\'es the results of two journeys undertaken 
Bubsequently to the year 1^78, and brings forward very strong 
evidence in favour of the following conclnsions that in tlu‘ district 
between Loch ^Maree, tho (Jairloch, and Loch Torridon, th(' iidmittedly 
Pala>ozoic b(*ds (Torridon Sandstone, Quartzites, <kc.) rest n]>on tho 
Hebridean series, which exhibits in asec'nding order three litho- 
logical types ; the lowest or most massive being exjiosed on the east 
shore of Loch Maree : the middle or more banded gmusses occupying 
a consideraldo area on the west shore of the same* loch, and a stri]) 
between the head of the Gairloch and the lover part of l^och 
Torridon ; and the upjxT or micaceous sebist-like grou}) occupying 
a strip which, starting from Den xilligin, runs northward to the 
head of the Gairloch, sojiarating the two areas of the last-nanuid 
group. That the whole of the series is included in the Hebridean 
of Murchison has never been questioned. Dr. Hicks then points 
out that a group of rocks lithologically corresponding with the last- 
named of these passes by Loch Fannich and the head of Glen 
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Logan, through Ben Fyn and the district oast of it, and so 
broadening out occupies the coast from Loch Ailsh to Arisaig. 
Again it reappears, on the eastern side of a fault, near the head of 
Loch Eil (on the northern shore of which is a small area of Torridon 
Sandstone), extending to Fort AVilliam on the Caledonian Canal. 
Tlie triangular space between tliese two districts was occupied, as 
he showed, by a series of rocks corresponding lithologically with the 
middle zone of the Hebrideans of the Ijoch-Maree region. To these 
three lithological groups Dr. Hicks gave the names respectively of 
the Loch-Mareo, the Loch-Hhiel,aud the Gairloch or Ben-Fyn series, 
and he inclined to hold them stratigraphically distinct one from 
another. Dr. Hicks [ilso admitted in this paper the gneissic charac- 
ter of the so-called syenite of Glen Logan, and classed it with the 
Loch-Harce group, stating that in the upper part of the glen he 
had found that it abutted on rocks belonging to the Bcn-Fyn 
group. 

The perplexing schists on the southern side of Glen Logan 
(named by him the Glen-Dochei ty beds, which occupy a consider- 
able ar('a on either side of the latter glen) are sejiarated from the 
rest, and their age is left by him in un(jertainty. It cannot be 
denied that in this paper Dr. Hicks made to the controversy a contri- 
bution of the high(*st value, and may claim to have brought Highland 
reform into the region of ]>ractieal politics. He had shown that 
unless lithological similarity was to be utterly disregarded as a factor 
in correlation in two areas almost neighbouring, a very large 
portion of the western Highlands north of the Cah‘donian Canal was 
occupied by rocks which were substantially identical with an im- 
portant series of admittedly Hebridean age, and exhibited the 
same lithological sequence. 

But this was by no means the only blow dealt in the course of the 
year. Tliree moutlis later was read a third communication from 
Dr. Callaway, i)rinted in the same volume, “ On the Age of the newer 
Gneissic Itocks of the Northern Higlilands.'’ This elaborate jiaper 
was the result of work done ehiedy during the summers of 1881 
and l8v^:2, ill the districts around Lochs Bro(.>m, AssAiit, and Erriholl. 

The following is a summary of Dr. Callaway’s x>rincipal conclu- 
sions : — 

(1) The “ Upper Uuaitzite " of some authors is, in these districts, 
simply a re])etilion by folding of the so-called Lower Quartzite : the 
‘‘Upper limestone” on I^och Ailsh is marble and crystalline dolo- 
mite ill the Easicrn-Chieiss series (Upper Gneiss of Murchison) ; the 
Assynt scries (Balmozoic) has been doubled back upon itself in a com- 
pressed synclinal fold along Locli Erriholl, while along Loch Broom the 
dolomite (of the J'almozoi<' series) does not come into contact with the 
Eastern Gneiss at all, hut is separated from it by older faulted 
rocks. 

(2) In the throe areas described the Assynt scries and the Eastern 
Gneiss display a discordant strike and dip. 

(8) The “ igneous rock ” of some authors, that now commonly 

VOL. XLI. ij 
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referred^ to aa the Logan ^ rock, is usually the Hebridean Gneissi 
which ia often brought by an overthrow fault above different 
members of the Assynt series. 

( 4 ) The Eastern Gneiss, Uiough actually ovirlying the Assynt 
series in some localities, has been brought into this abnormal ]K) 8 ition 
by earth-movements subsequent to the de])08itioii of the latter, and 
belongs to the Aroluean group, but is nevertheless wididy separated 
in age from the Hebridean. 

In his earliest laqaT Dr. Callaway had b(‘(*n (lis{K>SiKl to aecpiiesce 
in the view which for a time found favour with several investigators, 
myself among them, that the ap|)arenl sequenct* from tlit‘ ])as(‘ of the 
Torridon Sandstone to the VpjKT Gneiss might be a real one, 
but that the fossiliferous limestone of Durness luiglil not be 
identical in ago with the dolomitic limestone which ap])(‘arc(l to 
underlie the Upj^er (iiieiss, hence that the rocks from the Torridon 
8ancl^tonc to the UpptT Gneiss inclusive might all ]>elong to 
the Archiean series, though to a later part of it than the Hebri- 
dean. This view Dr. Callaway, after more detailed work, was eom- 
pelled to ah intlon, and I am myself convinced that must accept 
the Torridon Sandstone, quartzite, and overlying limestone, wdiethcr 
dolomitic or not, as deiwsits of Palieozoic age. 

But the uiitonability of the Murchisonian hy])t)thesis had been 
simultaneously demonstrated by yet another irnehtigator. Professor 
Lapwortli, whose work in the southeni uplands of Scotland had 
rendered him especially familiar with distuibed districts, and wuth 
the principles of mountain as opposed to lowland stratigraphy, 
applied himself in the summer of 1 to the study of the coast 
region of Durness and Erriboll, selecting that as the one in wdiich “a 
demonstrabl} ascending sucet'ssion from the basal lle])ridean (Jiieiss 
through fossiliferous Palajozoie limestones into the metaiiH>rj)hie 
gneiss and micaceous schist and slates t of the Central Highlands ’’ 
was asserted to occur. The results of this work liave bei'ii only in 
part published, because, on revisiting the country in the summer of 
1883, incessant labour and continuous ex}>o.sui (‘ compleUal the ill 
effects of a long period of excessive* devotion to work, and brought 
on most serious illness, from w’hich Profe'ssor ]ja])W’orth has hardly yet 
completely recovered. But you wdll remember that he exhibited in 
this room a most elaborate map and sketch section, at the meeting 
when Dr. Calla^vay’s pa]K)r was r(‘ad:j:, and show ed liow' his detailed 
work in the Erriboll region w<‘is in accordance with the* main conclu- 
sions at which that investigator had arrived. J*rof(‘ssor Lai)w^orth, 
however, in the course of the year 1 883 contributed tliree paj)ers to the 
Geological Magazine, entitled “ The Secret of the Highlands.’’ Those 
papers, the first of which was published in the March num])er, 1 may 
venture to assert will always hold a very high place among tlu^ contri- 
butions to the elucidation of a problem which for so long has been the 
special “crux ” of British geologists. In the first, Professor Lapworth 

* Named from Glen Logan, near Loch Mai*ec, also written Glen l4iggan. 

t The Uprier Gneiss of Murchison and Gcikie. 

X May 9, 1883. 
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demonstrates, by a sketch of the geology of the Dumess-ErriboU 
region, that the ordinary principles of stratigraphy would lead obser- 
vers in two adjacent districts to absolutely contradictory results 
viz. that in the Durness area, the Sutherland (or Newer) Gneiss 
series is demonstrably newer than the (fossiliferous) Palaeozoic series, 
and in the Erriboll area is demonstrably older. In the other papers, 
published in the May and August numbers (the series was, I believe, 
loft incomplete through his illness), he proceeds to apply to the 
Scotch Highlands the principles of mountain stratigraphy enunciated 
by Rogers, Heim, Ealtzer, and others, and shows how, in the process 
of folding, inversions and overthrust-faults may be produced on a 
gigantic scale, and appearances of conformable succession and oven 
of bedding be simulated, which are nevertheless wholly deceptive. 

The matter, then, before the end of the year 1883, in the summer of 
which a detachment from the Geological Survey took the field in 
Sutherland, stood thus : two or three of those whom I may call the 
minor contributors to this controversy, had ])oiuted out serious 
mistakes and unsiispef'ted difficulties, and had expressed, in effect, 
this opinion, that very clear evidence Avould be needed before we could 
accept the dominant rocks of the Highlands as of Lower Silurian age. 
Dr. Hicks had shown that unless lithological similarity in neighbour- 
ing districts be of no value, a very large ])ortion of the rocks in the 
mountain region of South Ross-shire and Inverness must be much older 
than tin Torridon Sandstone, and that there was evidence of faulting 
and folding on a gigantic scale. Dr. Callaway had sliown the same 
for the western part of Sutherlandshire, and had proved the ex- 
istence of unsuspected inversions and overthrusts ; 'while Professor 
Lapworth had demonstrated the Murchisonian hypothesis to be 
self-contradictory in a region regarded by its upholders as typical, and 
had shown us that the difficulties, anomalies, and deceptive aj)pcar- 
ances are such as are usual phenomena in mountain-making on a grand 
scale*. 

I have dwelt but little upon the discordances or the errors of the 
observers whose work I have noticed IVrfoet concordance among 
roformei’s is not to be expected ; and men who are honestly struggling 
towards the light cannot hope to attain at one bound to the 
eom[)leto truth. Tlune is always a danger lest the fascination of a 
new discovery should lead us too far. Men of scieuce, being 
human, are apt, like lovers, to exaggerate the perfections and be a 
little blind to the faults of the object of their choice. Even now, 
great as lias beim the flood of light thrown ujion the question by 
the writings of the Director General and his officers, I am sure 
that they would be the last to indulge in the illusion tliat they ha^e 
solved every mj stery or may not have to correct some details. It 

* I have omitted in the above brief sketch several papers of minor impor- 
tance which have appeared in the ‘ Geological Magazine’ and other publications, 
and a scries of pa])ers by Prof. Heddlo in the ‘ Mineralogical Magazine the 
latter, because, notwithstanding their value a^^mtributions to the mineralopr 
of the Highlands, 1 do not think they much^ the elucidation of the 

above-named problem. 
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'mil need years of careful mapping in th«' field, supidomented by 
minute study of the rocks by practised and (|ualiticMl microsoopists 
(for in this matter a very* special training is needcnl), before the whole 
secret of the Higfilands is discovered. I am, indt'ed, inon^ hopeful 
of the jM>ssibility of distinguishing betwee n the resnltvS of mettunor- 
phic action in r«]aH)zoic and in Archiean times than I believe some 
workers in this hold to Ik^: hut to this subject I hope to return if 
honounsl with another opportunity of addressing you from this cluiir. 
However, whatever may be the results of future work, whether 
official or non-offieial, I do nt»t hesitate to say that this abandonment 
on the part of the (fcological Survey of tlie 31urchisonian hypothesis 
is an event of primary imju>rtaiu*e in tlu* hi.story of geological 
progress; and we should render a ju<t tn^ iifr of admiration to the 
Director (leneral and to IVadi and Horne, tb(‘ chief mem- 

bers of the lield-])arty, for tlieir candour in investigating tln^ 
que>tioii and in announcing their al>andoiimcnt of opinions wliicli 
only a few years sinca* it would ha\<' ‘seeim'd presumptuous to 
quc'^tion. When 7)r. (I'eikie dodarov that an ]n j/oihc’^is, main- 
tained by one ^^ho^e memorj ih justly dear to liiin, in the sup]>ort 
of which he himself in his younger dav" jd iud an inij)ortant part, 
must he abandoned, he ^hovs himself sujx'rior to that too eominon 
weakness which fears to admit a mistake, and he gives us the best 
hope for the future of the (»C(»lo^i( il Survey of (ireal liritain. 

Indeed, the importaiua* of this step can li:irdl\ ]>t‘ over-estimated 
in regard to its future results. As a worker in petrology, I can 
testify liow the Arurdiis<niiaii h}poth(‘sis has lain like an incubus on 
the investigator, impeding his p? ogress in what seemed legitimate 
inductions from o])servocl fact'^, and being invokcxl by his ojqKUuuits 
as a kind of fetish. Its abandonment, therefon', will be of moral 
as well as of intellectual value. 1 have noticed, sometimes with 
regret, among geologists an over-tt*ndency to lu‘r(»-^\orship. To 
question the condusions of one of the great men now d(‘parted from 
among us has he(*u regar(h*d as savouring of i)r(‘sum])ti()n. We are 
right, in the inttTest of science, to scout criticism which is founded 
on ignorance, and to show little mercy to ra^-h }i\ judln^sis ; for these, 
by cumbering tin* giound, retard instead of liejping jirogress ; Iml a 
spirit of blind adoration f(»r tlie j)ast should have no ])lace among 
those who are se(‘ker‘' after trutli. So hmg as the facts are un- 
altered we are right in hesitatimr much before we differ from 
conclusions whidi one of our dcpart<‘d worthies in science has 
formed ujion tlie data ^\}iich were submitted to him as fully as to 
us : hut when new fact'^ liave been discovt red, when novel and more 
perfect methods of investigatifui have Ixm n (h vised, we are hound, 
as honest men, to make full use of the^^e and not to slirink from 
announdng our conclusions. I yield to no one in reverence for 
our great men of old ; I marvel humbl\ at what they accom])lished 
with the means at their disposal ; hut 1 should think it a wrong to 
the memory of searchers after truth did I invoke tlaaV names to 
arrest its progress, and use the dead hand ’’ of the de})arted hero 
to paralyze the living worker. There is no revelation in science ; 
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discovery did not cease when either De la Beche, Murchison, or Sedg- 
wick rested from their labours ; and it needs no prophet to foretell 
that in the days to come others will “ rise on stepping stones of our 
dead selves to higher things.” 

Another good effect on geological progress is likely to result from 
this honest recantation. The establishment of a Geological Survey 
as a department of the State is an immense boon to a country; but 
there is always some danger lost the systematic method of their 
work, and a natural, I may say laudable, esprit de corps should 
lead its members to regard workers unconnected with them as 
intruders, and to speak with some contempt of “ amateurs.” Per- 
sonally I should not admit that a man who has devoted his life to 
the study and teaching of geology is not as fuUy entitled to be 
called a Professional Geologist as one who is an officer of a Survey. 
Indeed it appears to me that in the two ranks you will generally 
have developed capacities equally important, which can very rarely 
be united in any one man. The official surveyor obtains knowledge 
of great accuracy and minuteness in a field which, from the nature 
of the case, must be rather limited ; hence ho becomes what we may 
call a specialized stratigraphist ; or, if not, he must occasionally be 
sot to execute work for which he is imperfectly qualified, and so 
may make serious mistakes. The unofficial geologist, unfettered 
by the requirements of an office and the necessity of returning a 
seemly mnual report of progress to his paymasters, the State, is 
able not only to follow his special bent, but also to extend his 
experience over a wider area. Travel, as it has been well said, is 
iin essential in the education of a geologist ; but to \ ravel much 
requires a more liberal allowance of time and of stipend than can 
l)e obtained from an Englibh Government. But accepting for a 
moment the definition of a professional geologist, as commonly un- 
derstood, there is and has been sometimes a danger that the class- * 
feeling of which I have spoken should be aroused. It would be an 
ill day for science if the Geological Survey should ever become 
bO narrow-minded as to resent €.i^ officio the criticism of unattached 
competent observers, or one of the latter find any special pleasure 
in dilating upon a chance mistake which bore the Imprhnatur of 
Jermyu Street. It would be the greatest disaster if the votaries of 
geology became divided into an establishment ” and “ noncon- 
formist,” and imported into their differences a spirit too prevalent 
in tlicology. Messrs. Poach and Horne, by their unprejudiced inves- 
tigation into the' facts in the field, and the Director General by his 
frank admission of a past mistake, have done their best to close a rift 
of which I have sometimes observed indications. In the future 
it will bo evident that aU alike are liable to err, and that the dis- 
covery of truth is not limited to any age or any workers. Science 
needs no infallible church and admits of no Pope. 

On these occasions you have for long past tacitly indulged your 
President with an opportunity of making some remarks on any 
department of geology in which he is specially interested. Of this 
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indulgence I intend to avail myself by selecting petrology*, because 
of late years 1 have more especially devoted myself to investigating 
that branch of geology. In so doing I cannot hope to command 
the sympathies of more than a limited portion of my audience ; but 
I venture to think that it may be of use to state, as clearly as may 
be in my power, some of the results at which 1 think pctrologists 
have arrived, and some of the difficulties which yet remain for solu- 
tion. It will not, however, be ray purj)ose to endeavour to ascer- 
tain whether the former category commands a majority of votes 
among geologists, or even among nominal petrologists ; I shall 
venture to speak, as it has been my habit to work, with considerable 
independence, and you must receive my remarks as mainly the ex- 
pression of my own opinion, which, however, I can assure you, in 
all matters still the subject of controversy, has not been formed 
without considerable thought and labour. This method of proce- 
dure has been rendered inevitable by the circumstances of the case. 
It is now some fourteen years since, owing to a combination of 
causes, I drifted into studying the microscopic structure of rocks. 
I say “ drifted,’’ because I did not undertake the study deliberately, 
nay, I refrained from it for some time through fear that a cc'rtain 
delicacy in my eyes would make it impo'^sible for me to work with 
the microscope. That fear, however, has hai)])ily i)rovcd to somi* 
extent groundless, though I have always had to exercise considerable 
caution, and to use high [)Owers only for limited times. I began 
the study ill consequence of hnding among those wlio professed to be 
authorities such a conflict of ojanion, even upon the most fundamental 
questions, that no conclusion, upon written evidence alone, seemed 
possible. Hence it has always been my endeavour to work withoui 
prejudice in favour of any view, to gather my facts from observa- 
tions both in fhe field and with the microscope, to frame hypotheses 
as the facts accumulated, and then to continue to test tliesc hypo- 
theses by further work. I believe that I may add that, at the 
beginning, I always took as the more jirobable hyjiothesis that which 
appeared to find acceptance with the best authorities. J have endea- 
voured. in short, to ajiply to this branch of geology the laws of 
reasoning which were taught me years ago in mathematics, and I 
venture to believe that this method is the safest. It will not save 
one from mistakes ; it may happen that, notwithstanding all care, 
one generalizes too liastily ; a wider knowledge may show that an 
h3rpothcsis is inadequate or imperfectly stated ; hut still, I ladieve 
that this method of successive a])proximations, of framing working 
hypotheses from facts, and constantly exjiosing these to the test of 
new facts, is the right way to attain truth in science. 

Let mo, however, first venture one or two remarks on the present 
position of petrology as a branch of science. It has undergone 
vicissitudes. To many of the early geologists it presented groat 

* Or, as some autliors prefer to call it, petnjgrapliy. TIjo word used in the 
text ap^KJars to me preferable on tlie analogy of the other doKigiiations of 
sciences, petrography indicating the description rather than the scientific 
investigation of rcxiks. 
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attractions, and for a time palaeontology was of less account than 
mineralogy, the fossil contents of the earth’s crust attracted less 
attention than its mineral structure. But some forty years ago the 
majority of geologists yielded to the fascination of the vast field which 
a study of fossils opened out before them ; and exact petrology, at any 
rate in England, found few followers after the death of De la Beche. 

I do not say this as a reproach — ^it is well that each generation 
should do the work which lies ready to its hand ; and I can under- 
stand that the great mystery of life will always induce (and, I may 
say, rightly induce) the majority of thoughtful men to incline to a 
study of the organic rather than of the inorganic world. Further, 
the older generation of petrologists had gone about as far as was 
possible with the means at their disposal ; the revival of petrology 
has been due to the application of the microscope to the investi- 
gation of its problems. In this respect we may feel a just pride in 
remembering that to one of our countrymen, Dr. H. Clifton Sorby, 
a former occupant of this chair, belongs the honour of being among 
the very first to a])])reciate the importance of this mode of investi- 
gation and to place himself at its head. 

At the present time the study of petrology is encompassed with 
not a f('w difficulties, some inherent, some temporary. It may be 
useful, even at the ri.sk of giving offence, if I glance briefly at these. 
To begin, the study is not, and can liardly ever be, a popular one. 
To be an ideal petrologist it is necessary to be a good chemist, 
phy.sicist, mineralogist, and field-geologist ; and who can hope to 
combine (qualifications so diverse? Again and again I have found 
myself sliarply stopped by my ignorance of chemistry, of physics, or 
of mineralogy, or by want of leisure to undertake along journey for 
the j)urpose of study in the field. These difficulties, however, will 
always more or less exist, and wo must be content to do our best 
with the means at our disqmsal. But there are also difficulties of a 
more temporary nature. One is that geologists, as a body, under- 
value rather tlmii overvalue the difficulties of the subject, and seem 
disposed to treat it as a ])laygrouiid whereon they may relax from 
severer studies. As regards this, I venture to assert that, at the 
present stage of our knowledge, crude fancies and vague hypotheses, 
founded on a few imptTfectly observed facts, can do nothing but 
cumber the ground and impede the progress of students. No ob- 
servation on any point of real difficulty is of the slightest value 
unless it be substantiated by careful study with the microscope. 

Closely akin to this is another difficulty, that tlie evidence cannot 
be presented atl 2?ojmlum. What is seen with the microscope 
depends not only upon the instrument and the rock-section, but 
also upon the brain behind the eye of the observer. Each of us 
looks at a section with the accumulated experience of his past 
study. Hence the veteran cannot make the novice see with his 
eyes ; so that what carries conviction to the one may make no appeal 
to the other. This fact does not always seem to be sufficiently 
recognized by geologists at large. In similar paleontological ques- 
tions, such as the structure of plants or of protozoans, I have 
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observed that the opinion of one who is known to have devoted some 
years to the study is considered to outweigh that of one who has 
given no proofs of competency ; while I have seen in pef rolof>y, again 
and again, statements commanding attention, and even printed in 
scientific journals, \^hich I knew not only to be nnproved, hut also, 
unless the work of years had been wasted, to he extremely difficult 
to prove. 

There is yet another imj^ediment to j)rogress, quite opposite to, 
and much more laudable than, the last. It is that the recognition 
of the great difficulties of the subject cauoos some students to despair 
of arriving at the truth, and leads them to adopt what I may call 
an agnostic position. Xow I believe that l)y so doing no ju’ogress 
ever has been or ever ’srill be made in science. If caught in a 
scientific ‘‘slough of despond,'’ you will never get out by merely 
wallowing about aimlessly. Assume that there is a way out ; try 
in turn each that seems most probable, and probably one will be 
found. I ura well aw^are that there nro a \ast number of (juestions 
in petrology which are not yet settled — not a few% ])erhaps, never 
will be settled in our lifetime ; but I maintain that juogrc^^s is most 
likely to be made by endca\ouring to frame a woikiiig hypothesis, 
if only the observer he strictly honest in recoiding not on]\ the 
facts wffiirh are favourable to it. hut ,is.» those wdiieli a])pear t(» bo 
hostile. I then be allowed, befoie proceeding furtluu, to lay 

down two })rinciplos wdiich occa^ ion ally seem to be lorgolten by some 
earnest workers ? 

(a) The first is tint all obsenutions wliirh are on record ar(‘ not 
of equal value. This depend'-, as I ha\r‘ ^ud. ])art]\ on the (jualifi- 
cations of the observer, partly on the perft‘ctiun of bis appliances. 
For example, thiTo are some difiitiilt ])oints in pt‘tro]og\ in regard 
to which I should attach hardly an\ w'citiht to the e\idence of even 
one of our most honoured w orkers in “ prcniicr«>&co])i(‘ ’’ da\ s, Ixa auso 
I know, from my owm experience, that the ]uestion is one w'hcrc 
the unaided eye cannot help us to a decision. 

(h) That one “ jjositive ” observation outwei^^hs a large number 
of “ nt‘galive,” the latter wwd being used in the sense* of “ leading 
to no definite conclusion.” J^et me illustrate this by an examjde. 
Suppose I wanted to ascertain w'hether an igneous rock wx'n* intcr- 
bedded with or intrusive among certain sedimentary strata, and 
that twehe sections were to be found. Suppose tliut in eh'ven of 
these the appearances w'cre not inconsistent with either intorj)re“ 
tation, but that at the* tw^elfth the evidence could only lead to one 
of the two views. Clearly the absence of conclusive ovidc'uce in the 
eleven cases would not affect the value of the evidence in the 
twelfth. 

The rules, in short, of ordinan reasoning — and this remark has a 
wider application than to the case which T liavo just mentioned — hold 
in every branch of science, and in no one is it inore needful to bear 
them in mind than in geology, where direct experiment (as in 
chemistry and physics) is so often impossible, and whore we can 
never attain to more than a degree of moral certainty. 
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With these preliminary remarks, for which I trust I may he par- 
doned, as they are the outcome of an experience gained during some 
eight years in your service and some fourteen in petrological work, 
I turn to the special subject which I intend to discuss briefly to-day 
— the classification and structures of the igneous rocks. 

By an igneous rock 1 mean, of course, one which has been in a 
state of fusion through heat. This fusion, however, differs from 
that which has been undergone by most rocks artificially produced, 
such as slags, because it has al'v\ ays taken place in the presence of 
water ; and further, the material has often solidified, and even crys- 
tallized, not only without the expulsion of, at any rate, all the 
water, but also under considerable pressure. Probably the nearest 
approach to solidification under conditions similar to that of a slag 
is given in the cf.so of lavas, immense volumes of steam being 
generally disengtigcd fiorn the flows as they are emitted from a 
volcano. I draw* M^ution to thi« at the outset, because I think it 
posbi^do that may irove to be a matter of primary importance in 
certain of our inv' »^figations. 

We ought, how^over, l«*fore proceeding further, to glance at two 
objectioiih w’hicli might lu* started in limine, 

(1) ^J'hat Aio classification is possible, because nature has not 
made distinctions • she iS t'*o protean to bo bound by our fetters. 

(2) Tliat it is im|H)’^. Ac to draw' a hard and fast line between 
ignoou and ^'diiuentaij rock^ l)ec<iuse the form^T aro frequently 
only the result of metamorphosis of the latter r a.ued to an extreme 
degree, so th«at the me series passes gradually into the other. 

As regards the f(.^m(*i* of these objcctioiib, w’e may leinark that 
on the asHimption v igneous rocks have solidified from a state of 
fusion (w^hether paii of the original magma of the earth or stratified 
rocks subseqnci tl} m(‘]i'\l), w^o should anticipate difficulties in classi- 
fication, ai'd not expect to find very sharjily defined lines of separa- 
tion in either chemical or mineral composition. This difficulty, 
how ever, is not confined to petrology ; the biologist, for instance, is 
not deterred by the admitted difficulty of distinguishing a species 
from a variety, or of deciding whether species have an independent 
origin. Hence, for all practical jnirposcs, species exist alike for the 
most thorough-going evolutionist and the most confirmed believer in 
special creations. Classification is a necessity if progress is to be 
made ; distinction of things is needed for distinction of thought ; and 
over this difficulty wt need not linger, for we shall find that, prac- 
tically, although intennediate forms may exist, the majority of rocks 
can be grouped around certain types. 

The second objection may receive a like answer ; and I may add 
further, that if wo agree ui)on certain characteristics as denoting an 
igneous rock, the antecedent history of the rock (for our special 
purpose) becomes immaterial. For instance, I can think of a piece 
of glass as an (artificial) igneous rock, even though I may have 
formerly seen a crucible full of the material from w^hich it has been 
made. 

There are, moreover, as it appears to me, two rather considerable 
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difficulties of a general character in this supposition of tlie Jerivativc 
character, as 1 may term it, of igneous rocks^. The oie, tluit 
chemically and even mineralogically thi're is a reiuarkabh identity 
between igneous rocks of the most diverse geological ag( This, 
however, 1 content myself with mentioning, In'cause 1 (in mort* 
conveniently enlarge upon it at a later pei-iod. The' other, tliat the 
chemical composition of the hulk of sedimentary and ol igneous 
rocks is too diverse to admit of the hypothi'sis of derivation being 
generally true. It is possible, I allow, to tiiid eertain sediiiientar} 
rocks which chemically are nearly identical Avith certain igneous ; 
but to do this we must select excejitional (‘ases in the one to 
compare with general instances in the other, — the most marked 
difference being in the percentage of the alkalim^ constituents, which 
leads, as is well known, to the presence of such silicates as stauro- 
lite, andalusite, cyanite, and alumina-garnet, in indubitably metamor- 
phosed sedimentary rocks, instead of some members of the felspar 
group. Purther, the argument of chemical identity holds only 
among the more acid of the igneous rocks ; among the sedimentarj' 
it would not be easy to find representatives of the dolorites and 
basalts, rocks extremely abundant in nature, and almost hopeless 
to parallel the peridotites, which in one form or another are by no 
means rare. I glance only at the corroborative evidence of meteorites, 
because I intend on the prt'sent occasion to limit my remarks to 
rocks of terrestrial origin, though 1 am quite aware that, any system 
of classification for the Litter must be extended to the former. 

The tendency to a definite order of su(*eehsion among the igneous 
rocks which has been remarked by many o])S(Tvers, appears to me 
more favourable to the idea of these rocks being integral portions 
of the inner part of the earth, than to their Ixung the result of the 
local melting-down of sedimentary strata. This su]>j(‘ct is so full of 
interest that 1 would gladly have discussed it, hut the difficulties 
still inherent in it, and the collateral disquisitions into which it 
would lead, prevent me on the present occasion. 1 do not, indeed, 
think that we can accept subdivisions so elaborate as those iiroposcd 
by Kichthofen, and used by Duttont in his ingenious explanation of 
the apparent anomaly of basalt, an easily fusible rock, heiiig com- 
monly later in date than rhyolite in a series of eruptions ; but 
undoubtedly we do so frequently find this general order — andesites, 
sanidine- trachytes (probably these tw'o will often be intermixed), 
rh 3 "olites, and basalt, and observe gabbro cutting peridotites — that 
these sequences can hardly be accidental. It may sufficje, then, to 
call attention to Captain IJutton’s valuable dissertation and to two 
papers by Mr. TeaU (which appeared just after the reading of this 
address) wherein tliis subject is discussed more fiillyj. 

* Tho frequent occurrence of sliarply clefined jiincticniH between igneous and 
sedimentary rocks of various kinds, and of fragmentn of all sorts of rocks in 
the former with boundaries no less shar[)ly defined, is to mo al*<o a very strong 
argument against the “ melting down ’* hypothesis. 

t Geology of tho High Plateau of Utah, ch. iii. 

J Qeol. Mag. Dec. fi. vol. ii. p. 10(>. Nature, vol. xxxi. p. 44 U 
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Puith(T, the asserted passages between igneous and sedimentary 
rocks rest at present on evidence wliich, I have already stated, we arc 
justilied in putting out of court. They require confirmation, and 
wo know that many instances, once confidently asserted, have 
hrok( 11 down on strict exaniination*. Indeed, 1 may venture to 
asseil that, so far as my experience goes, the difficulties at present 
existing either are due to olditeration of the original structure by 
subsequent moclianical or mineral change, or occur among the very 
earliest rocks of which we are cognizant; the latter are not only 
lik(‘ly to have undergone such changes, but also may have been 
formed under circumstances which have never recurred in the 
history of the earth. These, for the present, I jmt on one side, 
hoping on a future occasion to return to them, and limit myself to 
the great body of rocks which all admit to have solidified from a 
state of fusion, and to those which (although field-evidence may be 
wanting) we may reasonably believe, through their close structural 
correspondence, to have been so formed. 

So much controversy, however, has existed as to the origin of 
granite, that I shall venture a few additional remarks on this subject. 
To me it appears to a very large extent a dispute about the two 
sides of a shield. On the one hand, the phenomena exhibited by 
granite masses intrusive into other rocks, i. e, sharply defined junctions, 
contact-metamorphism, the sending off of dykes and veins which 
gradually assume the structure of normal felsites, perhaps even of 
rhyolites, justify us in assorting that granite cannot be separated 
from the other plutonic rocks snch as syenite, diorite, and gabbro. 
At the same time it is true that there are abnormalities incom- 
patible (so far as we know) with the idea of dry fusion, and that 
water is actually present in numerous minute cavit ies ; but the same 
is true in some of the rocks above named. Further, I do not 
sui)pose that any geologist at the present day would assert that 
perfectly dry fusion is a common thing in nature, if, indeed, it ever 
exists. Clouds of steam are discharged from the craters of volcanoes 
and the surfaces of lava streams as they fiow. The latter by parting 
thus with their water will cool in a manner more analogous to that 
of a furnace-product ; had the same material solidified deep in the 
earth, a large portion of the water at any rate would not have been 

• * Witl» regard to the alleged Irausilioiis from igneous to sedimentarj* 
rocks, J>r. Wadsworth, in his reeeiil ‘Lithological Studies ’ (a copy of which 
through the author’s kindness reached me after the greater part of this address 
was written), uses language which, though severe, is not unjustifiable (p. 32). 
After dwelling on the immerons cases where the asserted evidence of transition 
has proied to be eitlier negative or exactly opposed to the hypothesis, he con- 
tinues : Practie-ally, when the existence of tliese junctions has been shown, the 

observers who had previously denied their evidence have alw^ays said, ‘ That is 
not a typical locality ; wo were not quite sure about that place, but if you will 
go to sucli and such a locality,’ indicating some new’ one, ‘ you will find an un- 
doubted passage of sedimentary rock into eruptive forma.’ When the new 
locality is also examined and tlio statements are I'ound to be eri*oneous, another 
one is nmntioned, and so on ; until one must demand hereafter of these observers 
that they sliall select some locality oh which they shall be willing to fully and 
finally stake their pet hypothesis, and abide by tlie evidence.” 
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disengaged, and thus crystallization, and previous fusion (if the rock 
has not always been molten) have taken place in the presence of 
water. Thus the controversy is either illogical, if restricted to 
granite, or merely a verbal one, if extended to other idutonic rocks. 
But some will assert that granite may justifiably bo considered 
alone, because many cases exist in which a perfect passage can be 
traced from normal granite into normal gneiss. As regards this 
assertion, I repeat the remark already made, that these cases arc 
less numerous than is supposed. 1 have examined a good many 
asserted cases of transitions from igneous to sedimentary rocks, and 
found that, as a rule, the distinction between the two rocks was well 
marked, and that the generalization was the result either of precon- 
ceived theory or of too hasty observation ; further, that precisely 
similai' difficulties exist with syenite and diorite, though the cases 
are less numerous, as the rocks seem not quite so common ; lastly, 
that those cases which appear to favour the theory occur only in 
the case of rocks which there is good reason to believe are among 
the most ancient yet di>covered. These, as I have said, 1 lay aside 
for the present. But in the case of the Palaeozoic and later rocks 
it is only rarely, and under circumstances sugg(*sting subsequent 
obliteration of the characteristic structuie, that 1 see a difficulty in 
distinguishing between rocks of igneous and of non-igneous f>rigin. 

1 shall not then dwell furtln^r on the <]uestion of the origin of an 
igneous rock, but 1 shall use the term to signify one that lias solidi- 
fied from a state of fusion, due to the existence of an elevated 
temperature, whctlna* we might call this dry fusion or not. 
Further, in my classification, I shall draw no line of demareation 
between igneous rocks of Tertiary and Post-Tertiary age and those of 
earlier date : the rc'asoiis for this I defer, and think myself justified 
in so doing, because it is one which logically w’ould not arise in any 
independent study of petrology, hut would he import (‘d into it as 
the result of conclusions arrived at from other considerations not 
entering into my classification. 

Theoretically, and probably also in practice, there are at least 
two well-marked physical conditions in which any rock of a d(‘finite 
chemical composition may occur, the hyaline .and the holocrystallino. 
Is there an iiilermediale condition wherein the rock, though no 
longer vitre<ms, though exhibiting some difibrcntialion of consti- 
tuents, has not attained sucli complete individualization as to justify 
the use of the term holocrystalline ? 1 do not allude to the interpo- 

sition in the ghiss of a great number of microliths of individufilized 
minerals, although this may olfer obvious practical diffi(*ulti(^>, nor do 
I refer to the size of tho crystals making up the holocrystalline* rock. 
1 should deem the latter epithet properly applied, w'h<‘thcr the cha- 
racter was readily observed with ^hc unaided eye, or could only bo 
seen under the microscope ; hut I speak of cases in wdiich tho 
material a})pears to have lost the usual proper! }■ of a cf)lloid, to have 
acquired, around innumerable c(*ntrcs, polarities in oiu* or more 
directions, without its being po-^sihlo to distinguish with precision 
what arc the minerfils into which it has segregated ; where, in fact, 
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phenomena akin to those of tension or compression appear to have 
been permanently impressed upon the mass, only in a vast number 
of directions. This question also can best bo considered in a separate 
excursus. Suffice it to say that, in the present state of our know- 
ledge, it appears to me convenient to admit the existence of an inter- 
mediate division, to contain the rocks often called “ cryptocrystalline” 
with some of the “ microcrystalline,*’ whatever may he the ultimate 
fate of the di^ision. We will therefore assume that we may expect 
to find an igneous rock in either a holocrystalline, a hemicrj^stalline, 
or a Ijyaline condition, admitting that the middle term is perhaps 
rather incorrect as a symbol of facts and temporary in its existence. 
The relative' size of the constituents in rocks, and their arrange- 
ments — such structures in short as are designated by terms such as 
por})hyritic. spherulitie, fiuidal — 1 shall at present regard as only 
varietal. 

There is, however, one question of principle in nomenclature to 
which I must briefly advert. It is whether we should indicate 
distinctions of minor weight by conferring separate names, or by 
the use of qualifying adjectives — that it is to say, whether in our 
nomenclature wc should direct the mind chiefly to specific or generic 
difForcncos. The former is the habit in mineralogy, and it is in 
favour with some i)ctrologi8ts. AVhile fully sensible of its advantage 
in conciseness, I believe it open to gra%’e objection. Some questions 
of nomenclature, those, for instance, of priority, are of little value. 
It is com])arativcly unimportant, subject only to considerations of 
euphony and orthoepy, wluit we call a rock, so long as the nr'ime 
expresses as definitive an idea as the circumstances of the case 
permit : but it is a ra itter of great moment wliether our nomenclature 
suggests or obscures relationships which exist in nature. Distinction 
is, indeed, necessary for clearness ot thought, and is requisite as a first 
step ill scientific eoniparisoii ; but it is by comparison and recognition 
of relationsliips that all great advances in morjdiology and in philo- 
sophic reasoning are likely to he made ; and it is, methinks, a matter 
of no small importance to kee]) cleaily in view, in any system of 
nomenclature, the underlying affinities rather than the superficial 
dissimilarities. 

Our nomenclature in petrology suffers in some parts, as I shall 
pre.sently indicate, from a jdethora, in others from a defect of names. 
A further diflieulty exi'>;ts in that there are not a few names which 
have been so vaguely and variously used, that it seems hopeless 
ever to render their mi'auing fixed or precise ; these it would be 
better, in my opinion, to leave as admittedly vague terms, indica- 
tive of imperfo(!t knowledge. So a])plied, they become valuable. 
Petrology needs what I may call •* travellers’ terms,” to be employed 
as a naturjilist would use trivial or generic names, when ho either 
had failed in getting a good view of a creature or had not yet worked 
out the characteristics of a s])ceiraen. In this sense such terms as 
felstone, greenstone, even trap, are valuable. Aphanite, however, is 
not so good as comjiact greenstone, unless wo can agree upon a 
perfectly definite moaning for it ; and the same objection applies to 
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mdaphyre, wHch, however, would be useful if admittedly left vague. 
Porphyry is admissible as a vague term, but objectionable in any 
system of daaaifieation, because of its diversity of applications in the 
j)ast. Elvanitc is a term wholly bad, because it suggests inaccurate 
ideas, by affixing a Cornish miner’s trivial name, used even in that 
county in a very inclusive sense, to a rock which is world- wide in its 
distribution. Plutonic and volcanic also, though useful for ri)ugh 
divisional purposes and as general expressions, cannot for obvious 
reasons be used for exact cbihsificntion. I mention these as exani])les, 
the list not being intended to be exhaustive. 

As already intimated, I sliould not regard tlu^ cons])icuous presence 
ill a rock, whether crystalline or vitreous, of oik* or mor(» minerals 
in crystals larger than others as justifung the use of anything 
more than an adjective : hence in dropping tlie term porpliyry from 
our classification, 1 sliould continue to use the epitln't j)nrpht/rltic 
(notwithstanding obvious etymoloirii'al objections): neitlu'r should J 
bi^uiilizo the jn-esenee of lu/mroseopii* (Mviti(‘s, \vht‘ther larire or small, 
exeo])t by an epithi't, or by the enijdoynn nt of a trivial name for 
general jmrf>osej> of d» scrijition. 

If the above premises lie admittt‘d. it t‘\ideTit that our h\. stem of 
classification must, so far regird^ tin* igneous rock^ i previoush 
limited by definition ), ri'^t upon cIieniiNtrv^. To a very large ('\tent 
it will bo also niineiMloirie il : but u<‘ must not «u\ iiiinera- 

logical, because that seieiaa* m ill not <‘nal)Ie us to dctcnninc* flic exact 
|)ositioii ot a In aline rock, and. if alone rcgardisl, may induce us to 
pay too much regard to mirn'rals wliicli can be shown to be the 
result of s(‘condar\ actions alter the first consolidation of the rock. 
Igneous rocks, 'we must remondier, like any others, an* liable to 
metamorjihisin ; and we s]jou]d try. as fir as possilih*, to separate in 
our classification tlio latter from those which an* comjiaratively 
unchanged. Xow it is ^vell known that, cohrls parihin^ the more 
basic a rock the more readil\ it assumes a holocrystalline condition. 
Natural gl.iss(‘s are rare and limited in extent among tiio liasie rocks, 
are comparatively common and well dc\e]oj)(‘d among the more 
acid, and probably are largely repi'csciitcd among ancient rocks, 
which, strictly speaking, cannot now he call(‘d vitreous. 

Marked chemical and marked miiK*ralogical differences should, 
then, be recognized primarily in any system of nomenclature. On 
the whoh* I am disposed to attach more weight to the former than 
to the latter, because sonu*tim<*K a marked raineralogical difference, 
for exampb* the substitution of honiblerido for augite, may be the 
result of suhsequ(‘nt change*, wliich, however, it may be difficult to 
substantiate. Of course, when such changes can ho proved to liave 
occurred, tlie rock should he removed from the category of normal 
igneous, to that of lartamorpluc igneous. 

* In reality, of eourae, our classification deals with the aggregate history of 
the rock, its ontology as well as its niorplmlogy, if the pliranes bo permitted, 
because our limitation in using the epithet igneous, presumes an investigation 
into its relations witli other rocks, an investigation into pvtrohujt/ as well us 
into its lithology. 
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Our nomenclaturo, then, after the recognition of these essential 
distinctions, must further acknowledge the more accidental, viz., 
the physical condition of the rock, whether hyaline or not, the re- 
lation of its constituents, and the like. Many of these secondary 
distinctions I should prefer to indicate by adjectival affixes, reserving 
differences of names for marked differences in chemical constitution, 
and, after that, of ciy^stalline condition. The latter, I grant, refers 
rather to a difference of environment than to a difference in essence ; 
a holocrystalline, a hemicrystallinc, and a hyaline rock of the same 
chemical composition have quite as near a relation one to another 
as the larva, pupa, and imago of an insect ; but the marked 
difference in aspect and structure justify us, 1 think, in a nominal 
separation. The presence of an adventitious mineral not materially 
affecting the chemical composition, peculiarities of structure or the 
like, should, I think, be indicated by epithets. 

The number of minerals, as is well known, which enter into the 
composition of igneous rocks frefjiicutly enough to entitle them to be 
called “ rock-forming," is but small; for convenience they may be 
grouped as follows’^. 

1. O.vidfs of T/voi, 

Magnetite, ha'matite, ilmenite, chromite (with spinel). 

IT. Md^nesia-iroif SilicatiS, 

Olivint, eustatite (with hypersthene), augite and hornblende, 
hiotite. 

in. Ahnnlna-allc({line Silicati'i. 

Felspars (with nepheliue and leucite), muscovite. 

IV. Free Silica. 

Quartz. 

From this list such minerals as apatite, zircon, titanite, sodalite. 
jiosean, are omitted, though occasionally some of them may be re- 
garded as rock-constituents, because they do not ai)i)ear to have any 
very important classitic ator) significance, and some are generally 
associated ^^ith certain of the above named. Garnet also is ex- 
cluded, though occasionally an important rock-constituent, because, 
as it seems to me, we are not yet in a position to deal with it. If 
ail original constituent, and not an accidental one, due in some w^y 
or other to contaijt-eft’ects, I am disi>osed to regard it as a member 
of No. III. 

The igneous rocks, then, as it appears to me, fall naturally into 
the following grouping, commencing with the most basic and using 
the existing nomenclature as far as possible. 

The Ferklotite group consists of oUvirie with some members of I. 
and commonly some representatives of II. Its simiilest holocrys- 
tallino representative is dunite^ csseiitiall}* olivine and chromite. 
(I should apply the name to the rock wdiatever representative of 
(yroup 1. were present.) The next marked variety is given by the 
* I follow veiy ncurlj the classification proposed by Roseubusch. 
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addition of an enstatitic mineral *, For this Dr. Wadsworth proposes 
tii6 name mafonitef. Another marked variety adds aug:ite or horn- 
Uende ; to this we may apply the term VierzoUte though hitherto 
it has been limited to one containing an augitic mineral, because 
I think that here the substitution of hornblende has no important 
signidoance. This group, then, consists of rocks containing little or 
no alkaline constituent, little lime or alumina, the last named often 
occurring in very small quantities, a considerable proportion of iron- 
oxide, and magnesia and silica in nearly equal proportions, the former 
generally slightly exceeding the latter, and each not far from 40 
per cent. Hemicrystalline and vitreous represent ativos of these 
rocks are extremely rare. I have never met with one of either in 
my own experience, though I should expect them to occur. Thus 
no names have been proposed for them. They are largely repre- 
sented in pas)t time by the true serpentines heir metaraorj^hic 
representatives, into which they pass by insejisible gradations ; 
among these, I have sus]>ecte(l, though 1 cannot prove it, the 
presence of glassy representatives, whielu however, are rare and 
local. 

Tho Picrifi gi'ouj) may he n‘garde<I as a traiivitional one, formed 
by the intnKhictunj of n small and v.iriahh- aim>unt of felspar, sueh 
iis ai)«>rt]n’t<‘ or iihradorite : the amount of olivine is diminished: 
enstatite un<l a pNroxenie mineiMl. vsith hiotitt*. hetume ini])ortant 
COU>tituent>. Tlu' ehemii al emnposition, as might he expected, is 
variable, hut tin* percentage of silna is slii^htlv gieiter than in the 
la^t grou]i, though gemTulIy not more than l.*>. Magnesia, thmigh 
still one of the t^^o dominant eoiistitueiits. is present in an amount 
distinctly less than the silica, eommonlv tVom about 17 to 27 ]>er 
cent. Alumina i.s always ])resent, sometini(‘s in considerable 
quantities, with alkaline eoimtituents ; Imt elu'oine and nickel, which 
are geriei-aUy det(‘ct(‘d in the normal jreridotites, are now often 
absent. These rocks, sofarasAve at jwesciit know, are generally 
ancient, and often more or le.ss altered ; but I think the name 

♦ I will Ui!o tbih torm for brevity to iurludo fithor oii-tatite. bronzite, or 
hyperPtliene, minerals very closoh related, if not varieties of one species, 
t Lithological Studies pp. H4, 10;>. 

{ Dr. Wadsworth ])ro])o*,es (/or. cif. p. to limit tlie term /hr::o/\iv to 
the variety with diallage, and call that vuth augite ^pphing to a 
variety w'ith diallage and without eiistatile the mwwo cv/qi^if( . I doubt, how- 
ever, the possibilitv of separating the first and second. FAih/uiv also has 
hitlierto been applied to a ganu‘t-lx*aring peridotie rock. 

§ I am. of course, well aware that tlii.s statenieut has !x*cii disputed, but 
Iiave more than once given niy reasons for it, so need not rejieat them. On 
the princijdes of reasoning which J have endea\oiired to establish above, I am 
unahle to understand how tlu‘ derivation of a trueseriientine, i.e. that ofwliieli 
the Lizard serpentine i*. a type, from a peridotite, or the igneous nature of the 
latter rock can be doubted. 

(I The sc^rpentinous roek of Duportb (C’ornwull), for winch tlie name Lupor- 
thite has lieen needlesdy projioscd, appears to be a meinhcr of the pierit-e 
group. Many of the picrites certainly Lang on verv closely to the dolerite 
group (described hereafter), and can be seen to graduate into representatives 
of it. 
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picrite preferable to that of palceopicrite, which has been given 
by many authors. To this group probably the eulysltes of some 
authors (garnet-bearing peridotites) should be referred, and Km- 
hurgite would represent the hyaline form. I am not aware that a 
hemicrystalline form has been recognized, certainly it has not been 
named. 

As subgroups or intermediaries between this last group and the 
next great one, wc may regard the mrites or hyperites^ composed 
ehieliy of a plagioclase felspar (anorthite or labradorite), with an 
eiistatitic mineral and perhaps a pyroxenic ; the corsites^ anorthite 
hornblende rocks (perhaps wo might use eucrite for the anorthite 
augite) ; and the troktoliU's, containing the same felspar with olivine 
and but little of a ])yroxenic mineral. It is perhaps well to retain these 
names, but it must be remembered that they have hardly a generic 
value. It may here be worth while to call attention to the fact 
that many of the so-called h 3 ’persthene rocks, e, y, the gabl ros of 
8kye, and of Carrock Fell (Cumberland), either do not contain hyper- 
8th(‘iie, or have it only as a xcry rare accessory’, while in others 
it is not more conspicuous than a pj'roxenic constituent, so that 
there is no valid reason for calling them more than hj^persthene 
(or enstatite) doleritcs or gabbros. 

W'c come then next in order to a most important group, that 
which contains, as constituents, a plagioclase felspar, commonly 
labradorite, a pyroxeiiic constituent, usually augite (or occasionally 
diallago), and often olivine To this group many names have 
been given, and various subdi\i6ions of it have been proposed. Some 
authors extend it so far as to include rocks in which either ncpheline 
or lexicitt* re])lace the felsj)ar, calling thora. respectively nepheline- 
dolerites, &c., or leucite-dolerites, &c. ; some distinguish those in 
which olivine is })reseiit from those from which it is a])scnt. For 
myself, while fully admitting the relationsliip of each of the former 
pair to the normal dolcrites, and the frequent existence of interme- 
diate forms, 1 tliirik tliat the marked chemieal differences (in the 
large pcrccmtagc of alkalies) justify us in separating them from the 
felspar-dolerite and in rolaining the old names, uepltdinlte and 
leucitlte. Some, again, using geological age as a distinction, apply 
the name (Uahase to a rock it it is Pre-Tertiary, and dolerite^ if of 
later age ; this, of course I could not accept, but should propose to 
give the former name to dolerite in which marked alteration, sub- 
sequent to the original consolidation, has taken place. Others, 
again, apply the name yahbro to coarse-grained varieties in which 
the p 3 "roxenic mineral is wholfy or chiefly diallage. There is much 
convenience in the use of this term for a variety often so well marked 
in the field ; but there is at present doubt as to the classificatory 
value of diallage, some authors of great weight regarding it as 
108113" an altered condition of augite. Provisionally, however, we 
may retain it, remembering that it may be logically indefensible. As, 

* I shall, for brevity, not again refer to the presence of a member of 
Division I., because some oxide of iron, magnetite, haematite, or ilmenite is to be 
found in e\ery rock, though usually more abundantly in the more basic. 

VOL. XLI. Ii 
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however, mauy gabbros have undergone much alteration, the felspar 
being changed into a saussuritic mineral, the diallago into some 
form of hornblende, it would be well to restrict the term ettphotide 
to these. Again some authors use the terms dolerite, anamesite, and 
basalt for rocks which, chemically identical, and all holocrysialline, 
difter in the coarseness or fineness of their grains, so that the last 
term is applied to a rock which either may be holocrystallino or 
may retain a glassy base. It would be convenient, then, to restrict 
the term dolerite to the holociy’stallino variety, using the epithet 
coarse-grained or fine-grained as the case may be ; to apply the name 
anamesite to the hemicrystalline varieties (very few and local, 1 
suspect) ; and to include in the term basalt all that retain a glassy 
base, i. €, the mjigma-basalts and glass-basalts of some authors. 
It may bo found convenient to use the name magma-basalt (as does 
Borickp for those in the base of which the fcls])ar remains unindi- 
vidualized. The name tachf/lifte has been a])] died (as is well known) 
to varieties where almost the whole material remains in the form of 
glass, and the term mil} b(» conveniently retained, if we remember 
that it is only a marked variety of tho glass-})asalt division. 

Two rather limit «^d groups of uncertain position come next in 
order, the j>Jwiiollti\s and the it pJi rites, Tlie former group is essen- 
tially characterized by the presence of nepheline and of felspar, 
which is commonly, in part at least, orthoclas(‘, the latter by leucite 
and felspar (more commonly plagioclase ) ; but there are several 
accessories and many \ari(‘ties, as may be seen from an examination 
of Bofick^'s divisions of the former group alone. It also is one 
whose nomenclature is in groat confusion. Among the older mcm- 
hers we have zirkon -syenite, elmolite-syonite, nepheliiie-sycnito, 
foyaitc, ditroite, miascib^ while the one term ])h(>nolite cov(‘rs 
all varieties, whether holocrysialline or not, among the more modern. 

The group being, to a large extent, a transitional one, differing 
from that last in order by a higher percentage of silica and of 
alkalies, and a louer percentage of lime and magnesia, we can 
hardly hope to secure very marked ty]ie-form‘^ ; ])ut perliaps the name 
foyaito might suffice as a specific term for the holo^Tystallinc 
varieties ; while in the case where the characteristic mineral is very 
distinctly the variety ela‘olite rather than nepheline (which does not 
appear to be the case with all fojaites). we might ])rofix the term 
elmolite. We should thus have as varieties eljeolite-foyaitc, nosean- 
foyaite, &c. It will, however, bo a subject for consideration 
whether it may not he desirable, after tho analogy of the groups 
which follow, to divide those in which a plagioclase felspar pre- 
dominates, from those in which the felspar is chiefly orthoclasc ; 
but as my opportunities of studying this group have been rather 
limited, I will not venture an opinion on this point. Of the 
tephrite group I must speak y(‘t more guardedly; for although I 
possess specimens, I have not had the opportunity of i)aying much 
attention to the rock. The name, however, is convenient to denote 
plagioclase-lcucitc rocks, and should be aj)plied to rocks in which the 
former mineral predominates, and the percentage* of silica is higher 
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than in the loucitite group and the forms intermediate between it 
and the dolerite group. An examination of a table of the chemical 
composition of minerals shows that with a high percentage of alumina 
compared with the silica, wo shall obtain anorthite in rocks rich in 
lime and poor in alkalies; labradoritc with a lower percentage of 
lime, and a moderate proportion of alkalies (chiefly soda) ; nepheline 
with a higher percentage of alkalies, soda still predominating ; and 
leucite with an exceptionally high percentage of potash. 

The next two groups contain a higher proportion of silica, 
rarely less and often more than GO per cent. Normally they may 
be defined tis felspar with hornblende, though in certain divisions 
augite more commonly replaces the latter; biotitc is not unfrequent, 
sometimes dominant over the pyroxenic mineral; at times hyper- 
htlieno is an important accessory, taking the place of the unisilicate 
olivine among the (more basic) doleritcs. Although transitional forms 
may bo found between these groups, it is convenient to designate 
the more typical representatives by different names ; thus the ortho- 
clase-horn blende group may be called, after the holocrystalline 
form, the sijinlteii, the plagioclasc-hornblendo group, the diorites. 
Hemic rystalline and glassy forms of both are common, but it is by 
no means easy, especially in the case of the latter, to separate them 
without chemical analysis, though the character of any individua- 
lized felspar crystals is often a great help. I may remark, however, 
that not a few of the so-called hcmicrj’stalline forms are in reality 
holocrystalline, though Y(‘ry fine-grained, and others can almost he 
proved to have assumed a liemicrystalline structure by secondary 
])rocesses, so that in reality they should be placed in the meta- 
morphic division ; but leaving that distinction to await the results 
of further study, \>e may recognize the following divisions of 
the syenite group: — holocrystalline; orthoclase hornblende = 
syenite; if mica rcidaces the hornblende wholly or to a marked 
extent, mica-syenite \ if augite = auyite-syenite. To the last rock, by 
no means a tyi)ical member of the group, as it contains much plagio- 
clase felspar, the name monzonite has been given. The hemi- 
crystalline division contains a considerable number of the rocks 
macroscopically groujied as felstones. By many- authors they are 
called orthoclase-poqdiyries ; but the name porphyry, as I have 
stated, being objectionable, and a binary’ term for a group being 
awkward, I sliuiild prefer to call them fdsitis. Then those in 
which orthoclase or any other mineral was conspicuously present 
might be called orthoclase-felsites, hornblende -felsites, mica-felsites, 
or the like. Hyaline forms are now becoming abundant, though 
commonly the glassy’ base contains a large number of individualized 
minerals. These are generally named sauidine-trachytes ; but as 
the term trachyte is used like felstone for grouping in tlie field, its 
use in this more limited and strictly definite sense is objectionable, 
and, as before, the compound term is awkward. It is no ])art of my 
present purpose to attempt to coin new names, so I content myself 
with expressing a hope in this and like cases that a geological 
congress will some day invent and authorize one ; till then I must 

h 2 
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continue to use that which exists, though under protest. Wholly 
glassy forms doubtless exist, though probably not very abundantly ; 
but it is sometimes difficult to distinguish these among the pitch- 
stones and obsidians, of which the majority belong to rooks with 
a higher percentage of silica. 

In the dioriU group a eonsiderablo portion of the plngioclase 
felspar belongs to one of those which contain a higher proportion of 
silica than labradorite, though that felspar is often present, and some 
distinguish a subgroup the lahrador^Uorites. In this case, however, 
much care will bo needed to see that we are not really dealing with 
a member of i^adolente group, where the augite, by paramorphic or 
other change, h^is been dtered into liornbleiule. As in the case of 
the syenites, we have, then, in the holocrystallino division, diorite, 
mica-diorite^ and anyite-dionte^ the last being of rare occurrence. For 
the hemicrystalline division there seems to be a general concurrence 
in favour of adopting the term porphyrite, whit‘h we can subdivide as 
in the case of felsite : and for the hyaline we have the term audcsitCy 
which division is separable into the ho rahhude-and elites jind the 
auyiU-audtskes, the latter mineral occurring moro frecpiently 
is these than in tlie jHnphyrltes, Jn thche, and esp(‘cially in the 
latter, hyperstheiie has recently hetui frc(jucntly detected in con- 
siderable (junntitiv^, so tliat its presence rcf|iiires to he noted by a 
ptotix. Mien is not unfmjiwnt. It is evident that the aupte- 
form a link with tin* basalts, and the hyp(‘rsthcniferons 
iipjtviyAvh the oo/oV x ; to one or the otlier man} of 
the rocks eallcil melaphyre^ roallv bt lontr. Wholly glassy forms no 
doubt (xi.st, an in tlie Ifi'-t group. 

As a htiiall outhiiiL' i^roupfiom the s\(nites we have the tninefttitf 
which may be regardtd as extreme foriii.snf the mica-syenites, being 
compost (1 chieti\ of ortboclast* and mi( a (<<oainonl\ biotito), and tin* 
Avr.NY/n/ibs, extreme lorins of the mica-diojites. Of Ijotli gronjKs 
llemic^y^tailinc forms, as well tho.se w ith a gl{k»sy base, exist ; hut 
distinctive name's have not geiKTally 1m c*n assigin d to them. As a 
rule, they contain a .sliglitly 1<»w<t jMTcentage of silica than the 
normal syenitts aJid diorites. They occur also, so far as 1 know, in 
masses of very limited extent, mosth d\kes and veins, and are 
commonly, though not universally, of rre-Mesozoic age. 

We arrive now^ at the concluding ]»air of groups, whieli differ 
from the last described in these respects : — (piartz is ])rcsent as an 
essential constituent, and not as an aeee.ssory ; in the orthoclase 
group mica is much more common than hornldende ; and mus- 
covite, or a light-eol<jured mica of some kind, w hich has hitherto 
been rare even as an accessor}, becomes sometimos an im])ortaut 
constituent. As before, transitional forms between the tw'O grouj)8 
exist, and probably a plagiocla.se felsj)ar is never wholly absent 
from the orthoclase group. 'Jliai, how'ever, may ho defined, when 
holocrystaUine, as essentially consisting of quartz -f orthoclase -f mica, 
and is the familiar yrnuite, Home have proposed to restrict this 
name to those varieties where the mica is muscovib*, and to call 
iJiose wuth bioiite by the name ynirtltitr: the mme pf^fpDatltr is 
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useful for varieties exceedingly poor in muscovite. At present we 
are obliged to designate the hemicrystalline members quarter 
porphijry^ or quartz-felsite (I would call these elvanite, were not 
the name so radically bad, or eurite, had not that term, in sym- 
pathy with its etymology, been used vaguely) ; here also we wait 
for a name*. Hyaline forms, as might be expected, are more 
common than ever; those in which individualized constituents 
(commonly microlifhic felspars) abound are called indifferently 
quartz- trachytes, liparites, and rhyolites, though the last term is 
generally applied to more compact and so less rough (or less 
trachyfic) varieties. Tlie first term is open to the objection already 
stated ; the second to this, that the rock abounds at many places 
besides the Lipari Islands ; while the third perhaps indicates too 
distinctly the appearance of having once flowed. If, however, 
it were agreed to use trachytic as an adjective, and call trachytic 
rhyolites the rocks usually named quartz-trachytes, the difficulty 
would to some extent be avoided. At present the most glassy 
members of this and the next group receive the names of pitch- 
stone and ohsvHan, the former name being applied to rocks 
with a resinous lustre, due probably to individualization of ex- 
tremely minute microliths, and the latter to the most perfect 
glasses, which also have a more distinct conchoidal fracture, that of 
the pitchstones often being siilintery. 

In th(‘ second group the name qnartz-dlorite is commonly applied 
to the holocrystalline members, which may be defined as quartz -h 
plagioclasc-f-horiibleude (biotite being here decidedly less common 
than ill the othc'r); but 1 think the name tonal ite greatly preferable, 
for as this rock appears to be far less common than yranite^ it may 
be allowable to use the name of a locality Avhere it occurs in a huge 
and very typical mass. For marked vari(»ties we should have the 
names mlca-tonalltc and auyite-tonalite, the latter probably being 
very rare. For the hemicryslalline division we have at present no 
other name than quartz-jwrphyritc ; but for the hyaline division, 
corresponding witli the quartz- trachytes, wo have fortunatol)" the 
name dacitc. Of the most glassy varieties I have already spoken. 
It may be remarked that free quartz appears to be less common 
with the plagioclase felspars than with orthoclase, perhaps because 
albite contains a higher percentage of silica than orthoclase. 
Extremely glassy forms also may prove to be rarer in this case, 
because, as 1 am informed, a soda-glass is more liable to set up 
crystallization than a potash-glass. 

From the above remarks it will appear, not only that our nomen- 
clature is at present in much confusion, duo in part to the want of 
any definite principles, but also that the inherent difficulties are 
considerable, owing to the existence of transitional forms. At the 
same time I believe that there is sufficient predominance of what I 

* Granophyre has been prt)po8ed some distinguished Gorman authors ; 
but this term has been used in more tlian one sense. In fact, as will appear 
trom the latter part of this address, I believe the subgroup will have to bo 
rearranged, because its structure is ofteu of secoiidarv origin. 
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may call type-forms to justify us iu tho assumption of the existence 
of species for purposes of cliissificatioD, and 1 trust that 1 have 
indicated a natural and Joptvij priucijde on which to proceed. The 
relations, ^en, of tf)e jrroups may 1 m* cxpresstHl graphically in the 
annexed diagram. 



In the above sketch of what appears to me a natural system of 
clawification, I ^ke no notice, as above stated, of the geolo^cal aao 
of the rock, which is regarded as of jiriinnrj- importance by many 
continental mv^tigators, who consider I're-Tertiary igneous rocks 
always separable from those of later date. For this distinction I 
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have never been ablef to find any solid ground, and will briefly indi- 
cate the reasons why I venture to dissent from several eminent 
authorities. At the outset, we naturally feel some surprise that the 
commencement of the Tertiary period should coincide with so 
marked an epoch of change in the history of petrology, so that the 
igneous rocks, like the mammalia, should be en pleine Svolution after 
the close of the Secondary period. But wo may further ask, Was 
there any long pause, any universally definable limit, between the 
two periods ? Did the curtain fall for an interval between two acts 
of the drama of life played on the world’s stage? Granted that 
Tertiary can be sharply defined from Secondary in Britain, or even in 
j)arts of Europe, can that line be drawn everywhere? Palaeontolo- 
gists, geologists in general, will, I think, accord in returning us a 
negative answer. Still, admitting the impossibility of adopting any 
very hard and fast line, there is yet a possibility that a certain 
“ evolution ” may exist among the inorganic products of the earth, 
and that the older may be distinguishable from the newer rocks. 
Let us then inquire how far this idea is in accordance with facts. 

The older rocks, of course, are more likely to have undergone 
mineral changes during the vicissitudes of their longer history. The 
less stable minerals will have disappeared, and their constituents will 
be represented in more stable forms. Olivine will have been changed 
into serpen’ ine and iron peroxide: augite and diallage into some 
form of hornblende, or all these will have been replaced by viridite 
or chloritic minerals : felspars will have been replaced by zeolites or 
other alteration-products ; their materials may have been employed in 
the composition of tourmaline and epidote, and the like. If the rock 
has had a glassy matrix, this may have been devitrified. In short, 
an ancient rock, like a living creature, can hardly fail to exhibit 
signs of old age. Thus we naturally expect to find such rocks as 
serpentine and diabase among the older formations, and should 
hardly expect that a Pre-Cambrian or an Ordovician lava would be 
absolutely identical with one emitted during the latest geological 
epoch. Further, as wc hold that the more coarsely crystalline rocks, 
especially when members of the more acid division, have solidified 
beneath the j)ressure of superincumbent roek-masses, we should 
expect such rocks as granite to be usually of ancient date, not be- 
cause a modern granite may not exist underground, but because it has 
not yet been exposed to view by denudation. It must, however, be 
remembered that there seems no reason to doubt the Tertiary age of 
some of the granite of the Inner Hebrides ; certain Alpine granites also 
seem to mo to be most probably Post-Secondary ; at any rate I have 
seen in the West-central Alps perfectly typical granite cutting Lower 
Cretaceous strata, and I know of no indications of disturbances in 
that region until the Tertiary period had begun. Tertiary granite 
is also said to exist in the island of Jamaica. Some of the Carbo- 
niferous basalts of Scotland are admitted to he undistinguishahle 
from those of Miocene age ; most of them onl)’ differ by reason of 
subsequent mineral change. Kestore the rock (and that it can be 
restored admits, I tliiuk, of no reasonable doubt) to its original con- 
dition, and your diabase resumes its jdaee in the ranks of the normal 
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dolerites. Notwithstanding what has been of latt\ I can- 

not admit that some of the altered pcridotites and the serpentines of 
the Apennines are other than intrusive, if nofr in Kocone, at any rate 
in the latest Cretaceous strata, and thus, as doo(>-seated intrusions, 
oahnot be in any case older than the earliest part of the lertiary. 
Yet these are nndistinguishable in all essentitil characters from 
olivine rocks and serpentine, which would generally be regarded as 
PalsBOzoic or, in some cases, Mesozoic. At our last meeting Professor 
Jndd told ns of Tertiary peridotites, picrites, and gabbros in the He- 
brides not to be distinguished from similar rocks of far earlier dates. 
Indeed some authors have been so impressed with their ancient 
aspect as to insist on classing these gabbros with the norites of the 
Upper Laurontian. 

We find yet stronger instances of similarity among the andesites 
and rhyolites. Mr. Teall*. in his excellent papers on the ('heviot 
rocks, has shown that, except for alterations which can only bo 
attributed to the etfe<*t of time, some of the porphyrites of that region 
are chemically and mi neralogi rally undistiniruishahle from the hvper- 
stheniferous andesit<^ of Tertiary or \et more recent a;je. Mr. S. 
Allport has shown tint the devitritied rock of the \V rekin, 

whuh is indubitably oldiT than th** l.inirnla KLiir^, and in all proba- 
bility is one uf the later Pre-t'ambnan hiva.**, uh neirly as pohsiblo 
identical, ehernii mineral'ns’’iniJIy. anti •*trmriiralJ\ (except for 
devitritication » \vi*h tie* jw-rlitn ob^dian of Hhnik. near N hemnitz, 
and eorre«<p'>!ob \cr\ elonei^ with anoiluT P<‘st -Secondary obsi»iian 
from lliimrury. The red felMite, whieh in North Wales is found 
lielow the hi^c (d‘ the (‘atnhnan rien, exhibits in some localities a 
fluidal fitnicture, and evirx* indie ition of having once been a trm* 
glass, and is c }ieiui<‘all\ identical wnth (he abo\e rock from Schernnit/; 
W'hile several of the lava^ (A' tlie Ordcoician series in W'ales, as has 
been pointed out by ^Ir. Kutley and mix If, are. e\e<‘j»t in this 
one regard of devilrilication, not to be distiiiiruislnsl ehernically or 
microscopically from recent rliyolites, c'xhibitinc: fliiidal or perlitic 
or spherulitic structures. I have never been able to satisfy myself 
as to the distinction, insisted on for some time, b(‘t>veen propylitcs 
and andesites, and I find that tliis is now repudiated by some of the 
best American petrologists. In like manner th(Te xvas no r(‘ason 
for coining the barbarous term j\l si-dole rih for the rect'ption of some 
of the lavas of tlie Lake-district, ('hemically, the majority are typi- 
cal andesites, a few are basalts rich in glass, very similar to those of 
Tertiary age, and there are no other <lifferences than sucli as are pro- 
duced by lapse of time. Tn short, after a fairly exhaustive study of 
felstonos^’ and “ trachytes I may sav that 1 am unable to recognize 
any distinctions betwx^en the mo^'c ancient and the more modern, be- 
sides those due to subsequent change, and that it is no more possible 
to connect these with any single epoch in geology than grey hair in 
the human subject wdth any one year of life. 

The strongest arguments in favour of the division have been 
derived from the “ mica-traps," the ricpheline and the leucite rocks, 

* Gcol. Mag, Dee. 2, vol, x. 
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all, ii will be noted, rather rare and exceptional rocks. The first, it is 
trut‘, for long time appeared to be universally of Palaeozoic age, and in 
England it is only lately that (in Devonshire) they have been found 
to (‘ut rocks so late as Carboniferous ; but M. Barrois has described 
kersantites*, which, in his opinion, are certainly Post-Cretaceous, and 
most probably Post-Eocene. The majority of the nepheline rocks are 
Post-Secondary. I am not aware that any nepheline-basalts have 
as yet been identified prior to the Tertiary period, but although 
many phonolites also belong to the latter, representatives of this 
group of earlier date are by no means wanting. I will not press 
the case of those remarkable masses of nepheline rocks which break 
through Silurian limestones and so strangely interrupt the level plane 
of the St. Lawrence Valley in the district near Montreal, although the 
opinion of Canadian geologists is in favour of their antiquity, be- 
cause I am not aware that there is any actual proof of their age ; 
but I may remark that the nepheline- syenite, which one would 
naturally, from its appearance, class with the Pre-Tertiary representa- 
tives of this group, contains perfectly typical nepheline ; while some 
of the phonolites closely resemble European phonolites of Tertiary 
ago. For .1 like reason 1 abstain from quoting the Wolf Rock of 
Cornwall, and oven tho liebenerite-porphyries of the Fassa Thai, 
although 1 think that the latter c.innot well be later than some part 
of th(‘ Mesozoic period. But in any case I am unable to recognize 
mo ]0 than a varietal ditference in the so-called eheolite-syenites, or 
any real distinction between tho nepheline which occurs in the 
foyaite of lh)rtugal, considiTod by Dr, Sheibner to belong to the more 
ancient eruptive series, and that in sundry rocks of Tertiary ago. 

Little tan be m.ide of the restriction to Post-Sccoudary rocks of 
such rare minerals as hanyiie and nosean, or of tridymite, which is 
very possibly not au original constituent, and very easily overlooked. 
It is of no a’sail to quote such ininerais as tourmaline, topaz, beryl, 
zoisitc, andalusiie, stauiolite, cyanite, &c., as restricted only to 
Pro-Tertiary rocks, because there is no evidence that any are proper to 
igneous rocks, and most are distinctly minerals of metamorphic origin, 
^luscovite also will not, 1 think, avail much, as its identity and 
history arc )et fai* f/om clear. The strongest point in favour of the 
classification by gt'oJogic age ean undoulitedly be made with the 
leucite rocks, lor there can be little doubt that all which have been 
described are compaiatively modern. Further 1 am not aw’aro of 
any good ground for sus]>ecting that in any of the more ancient 
rocks which have been microscojiically examined this mineral has 
once been present, but has been rej)laced by psendomorphs. Still 
wc must bear in mind that in this resjioct negative evidence is not 
of great value ; for the mineral is au exceptional one, being peculiarly 
rich in jiotash, and t} pical leucite rocks are very rare — so rare that for 
some time no instance Avas knowni boAond the limit of Europe. 
The experience also of ^Messrs. Fouque and Ltwy appears to me to be 
significant. TIk'v melted togetlicr microtdinc and black mica, the 
composition of the mixture being Si()^= 10, Al^O^—lT^ Fe./)j=8, 
^ Jiccliercljes sur les torraias uiiciens lies Astiiries, &e. p. ICO. 
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1^=21, K,0=10(Total«96*): the composition of a leucitito 
poor in silica and rather exceptionally rich in magnesia, the result 
being that they obtained "‘apres recuit, un culot crystidlin compose do 
leucite, de peridot, do melilito, et do for oxydulo, e’est-^-diro, une 
variete de leucitito a peridot/’ This interesting result appears to 
suggest tliat microcline may, under certain circumstances, b(* the 
representative of leucite, notwithstanding their different percentage 
of silica; or, to put it otherwise, that the magma which, under 
certain circumstances, may crystallize as leucite and olivine, with 
meliJite (or with slight differences probably aiigite), may, under others, 
form microcline and biotiu* (|K)tash-iron mica). It is also to he 
noted that these* oliservers found that tlie leucite crystallized only at 
H high temperature; tints in making artiticially a hmcofejihrito from 
a mixture repn^senting one jmrt of augite, four (»f labradorite. and 
eight of leueite, the leucite (‘rystallized at rouge-blanc,” the feKjiav 
at ** ronge-cerise ” 'Jliiis it seems to mt‘ unsafe, in the present state 
of our knowledge, to rely too mueh on m‘e:alive evidence afforded ns 
by this one exceptional mineral. 

It appears, thmi, to me that this attempted eliNsitie'ition of ign(*ons 
rocks into an ohler and younger serie*^, noMvithstandint^ the aiitho- 
rity and a few fac ts which can he cpioti'd in it s favour, not only is 
in itstdf improbiihle, but also is oppo'.tMl to the general residts of 
investigation, so that its rc'tention will impede far more* than it will 
facilitate progrc'ss. 

The order of solidification of the more important rock-constituents 
presents us with some peculiarities worthy of notice. The s(‘])ar}i- 
tiou of iron-oxide takes place at a very (*arly period — ])rohably in 

* This mav l)e modified so H8 to come nearer to KKt. tlius: — 

SiO,^=r41-0, Al/), = 17*42, Fe_< ), =-s*2, Mg()-=2r:)2, K_( )=10*25.Totnlrr 10] -.‘{O. 

The exjx'rinients, indeed, of MM Foiiqne and Le\y (descril>ed in their 
‘ Synthese des Mineniux et de? Roches,’ a %\ork liic higlie^'t value to geologists) 
apj)ear to me to be so suggestive a-» to the historN and rclatiouHliip of igneous 
rocks, that I preswait the results in a tubular form (it will be renieiiiliered that 
the experiments were ramie by '‘dry fusion’'). 

(i) Ntgafi^r remit t>. 

They have failed in obtaining artifieiallc rocks containing free quart/., or- 
thcxrlase, albite, wdiite mica, black mica, and lioruhlende. 

(ii) Positive result 

They ha^e succeeded in obtaining artificially ande-ites ami andesitic jior- 
pfiyrites, labradorites and labrudoritic p<ir)>li\ ntes, basalts and labrado- 
ritic melaphyres, riephelinites, leucitites, leucotejihrite, and ihcrzolite. 

(iii) Results iuduathuj relation fit ip. 

(a) JO parts of oligoclase with 1 of honihlende produced an angitie andesite , 
4 parts of microcline with 4*8 of hiotiteproilu(*4*d the leueitite mentioned 
alxjvc. (b) Microcline writh oligwlase, nejiheline. and augite produced 
in each ease a glass in w-hieli were ohgociase, mqiheline, and augite, with- 
out any trace of a moncx’linic felspar, (c) A rock eomposed of wernerite 
and hornblende produced a cha act eristic augitie labradorite with a litth' 
melilite. 

Minerals, liowcvor, which they have failed to obtain ns constituents in artifi- 
cially produced rocks, have been separately formed by MM. Fouque and licvy, 
and other experimenters,'— e. g ortbiwlase, alhite, and a brown mica, generally 
after long exposure to a high teinperaf ure. Free (piiirlz also hasojirri tM*en pro- 
duced by the intervention of water. It will b«* observed from the ahovi* tlial, 
except, perhaps, in the case of Iherzolite, they have chi<‘fiy succeeded, as might 
be expected, in producing examples of the less deep-seated igneous rocks. 
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all cases this group of minerals is the first to solidify ; even in the 
thin sahlbands of taohylyte ^ve note the cloudy agglomerations of dark 
dust, globulites or trichites, which indicate incipient differentiation. 
These often, when well marked, are surrounded by lighter zones, 
indicating that the segregatory process has continued after motion 
was arrested in the mass ; but wo may remark that, in the perido- 
tite group, the presence of a large amount of magnesia appears to 
have been unfavourable to the complete separation of the iron- 
oxide, so that a large quantity has remained as an iron-silicate in 
such minerals as olivine, enstatite, &c. There is usually as much, 
sometimes more, iron in a peridotite than in a basalt ; yet a slide of 
the latter exhibits many more granules of iron-oxide than the former. 
Olivine apnea “s to consolidate at a high temperature ; but in the 
rocks rich in magnesia tho bisilicates of the enstatite group, and 
perhaps those of the pyroxenic, api)ear commonly to have crystal- 
lized before it, though the difference cannot have been very great, 
since these minerals occasionally include (as in the well-known 
bastite-rock of the llarz) granules of olivine. If, however, the con- 
stituents of felspar are present in any appreciable quantity, then the 
olivine is anterior in solidification to Ihe al)ove magnesian bisilicates ; 
for in the ])icrite group they fre<piently include grains of it, as does 
a orownish mica wliich occurs occasionally. As a rule, the felspars, 
including ncpbeline and leucite, when their constituents are present 
in largo quantities, appear to separate out at an early period ; they 
are then generally anterior to the pyroxenic mineral, and, what is 
remarkable, th(‘ more basic (and in tlie case of the true felspars the 
more fusible varieties) separate out before the more acid, so that 
tho remaining magma contains a higher percentage of silica than 
the separated minerals. In accordance with the same x>rmciple and 
as an extreme case, quartz usually solidifies last in order. We find, 
however, even in rocks of tolerably uniform structure, whether 
coarse or fine, not unfrequent anomalies, so that it is almost impos- 
sible to draw up a table of minerals in the order of their solidifi- 
cation ; and when wo study those which occur porphyritically, the 
difficulties become greater. The following table exhibits some of 
these anomalies : — 


'Peridotite . . 

Bolerite 

Syenite 

Diorite 


Granite 

Tonalite 


Composition of Ground-mass *. 
Olivine 

Labradoritet-f augite 


Minerals occurring 
porphyritically 
Enstatite, augite, hornblende, 
biotite. 

r 01i^ine, enstatite, augite, la- 
\ bradorite. 


Orth oclaso -h pyroxenic mineral | 
(also biotite) 

Plagioclase -f pyroxenic mineral 
(also biotite) 

Minerals of sj'cnite-j-quartz. 
Minerals of diorite -H quartz . 


Same minerals. 

Same minerals, but often tho 
plagioclase is a more basic 
Kind, with hyperstbene. 

'Same minerals, but quartz 
only in hemicrystalline or 
glassy varieties. 

Id. 


* Oxides of iron and spinel group omitted, 
t Name used generically ; may include anortlnte. 
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An explanation of these anomalies does not at first sight appear 
hopeful*; we may, however, notice: — 

1. That the temperature of consolidation for a mineral out of 
a magma is not necessarily identical with that of the isolated 
minei^, as one substance acts as a flux upon another. 

2. That the more anomalous results are presented by the rocks 
which appear to have cooled rather rapidly. 

3. That the presence or absence of water greatly modifies the 
circumstances both of fusion and consolidation. 

4. That Prof. Dauhree s experiments indicate that pressure and 
the presence of water arc favourable to crystal-building. 

For instance, in a granite or a tonalito it is obvious that thr 
quartz has been the last mineral to consolidate, 'vvliile in quartzi- 
ferous felaites and porphyrites, in rhyolites aiid dacites (oven in the 
most glassy varieties), it is not rare to find good-sizi'd grains, even 
hipyraiiiidal crystals of <|uartz, among the porjdivritic miinTals. 
In regard to this, it >eeins worthy of remark that, among minerals 
«o occurring in tht' non-holocrystalline rocks, a (li.stiuction is obser- 
vable, some bei?iir -^o ]M‘rtectly (levclo[)ed that tiny seem as if \hvy 
had Consolidated out ot the ♦•ncIo.«»iiig mairina shortly before it solidi- 
fied, while olhero iip]>ear to have lu'en subscMjiu‘ntI\ imMlitied ; the 
latter being mor<' or Ics-^ craok(*d. inigmcnttjry, corroded at tlie 
exterior, and sometimes bordered by h'rni;rinous and otlier minerals. 
These di.stin<‘tions jn'olmbI\ indicat<‘ diftereiioc of hifttory. In the 
former ease 1 .sliould regard it })(»ssjhlt‘ that the molten matter, 
during its upward passiige, had been arrested for a c<)iisi(hTabl(j 
time in a pOMtion >\here any further fall of temperature was practi- 
cally prevented, and the contained water was unable to esoaj)e ; 
then crystal-building wanild go on ; })Ohsibly the development of 
quartz might bo favoured by an increase ot llio ]>rcssnrc ' fr<»m the 
masses w'cliing up behind. When the resistance in front is over- 
come, the fluid mass jiasses upwards and outw’ards, its tem])eraturo 
falling and its water escajjing, so that further crystallization is 
impeded, and the mass assumes a hyaline or, at any rate, hemicrys- 
talline condition. 

The fracture of included minerals may be exjdained by strain.s 
set up during tlie motion of the enclosing magma as it approaches the 
condition of a solid body, w hile the exterior corrosion probably indi- 
cates that some local rise of temp(‘rature, or increase either in ])res- 
Bure or in the quantity of water, has affected the stability of the 
molecules in the crystal. It must ]>e remembered that, during the 
intermittent upward ])rogress of a lava-stream, its outer parts, ])y 
contact wnth cooler rock, may at times lose enough heat to allow 
of the formation of crystals during a pause (for J think that the 
constant shearing of tin* molecules in a moving mass w^ould he 
unfavourable to the development of crystals of any size) ; but that 
when the mass again moves onward, the more solid crystalliferous 
enist may he carried into the interior of the muss, where the tem- 
j>erature has remained higher and its environment is different. It 

* j’rof. DauhnV’s cxiMTiiurnts show that pressure aiui water are very 
favourable to the develo^uiieiil uf quart z-mstals. 
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is not impossible that some of the peculiar cases of zonal structure in 
crystals may be due to changes of position, sometimes slight, during 
the process of formation. For instance, 1 think it extremely probable 
that the zones of albite enclosing the large orthoclase crystals in the 
“porphyroid’’ of Mairus in the Ardennes (I have no doubt this rock is 
of igneous origin) are the records of two phases in its history. In 
this way also very possibly the enclosure of hornblende by augite 
crystals, or, vice versd, of nepheliiie by sodalite, &c., may be ex- 
plained. 

Definite pressure also during the process of crystal-building 
cannot fail to produce a marked effect. It may, I think, be taken 
as an axiom that, dPteris paribus, a molten mass under pressure will 
crystallize more readily than one not so affected. It is very possible 
that the devitrification of many of tlie ancient volcanic glasses has 
been largel)" due to the pressure which they have undergone from 
being buried deej) below superincumbent strata. Molecular move- 
ment within limits can take place in many substances long before 
they cease to be solid, as is indicated, among other things, both by the 
ordinary devitrification of glass and by Prof. Daubree’s special expe- 
riments ; and the mere fact that, in most cases, the specific gravity 
of a substance is higher in a crystalline than when in a colloid state, 
indicates the probable result of the a 2 )i)lication of pressure. But on 
the present occasion 1 shall as far as i)Ossible avoid what may be 
called subsequent metamorphosis, and confine myself mainly to 
structures which are due to the apjdication of a force definite in 
direction during the i^rocess of crystallization. 

1. Crystals, already formed, Avill be arranged with their longer 
axes in the direction of a tension, or at right angles to a pressure. 
This, as every one knows, is tlie explanation of flow-structure in 
microliihs, and it is sometimes exemplified in the case of larger 
crystals. 

2. Crystals, when forming, if *ex 2 )oscd to a tension or pressure, 
will developo with their longer diameters in the direction of the 
tension, or at right angles to the pressure. This is especially well 
exhibited by platy minerals, such as mica and diallage. The foliated 
aspect of granites and gabbros near to tlieir junction with a level 
surface of stratified rock has often been noticed ; but as I observe 
that, in the newly awakened enthusiasm for subsequent pressure as 
an agent in modifying rock-structures there is some danger of 
tliese being overlooked, 1 shall veiitiiro to recall a few from my own 
experience. 1 have often noticed that a mass of granite intrusive 
into a bedded rock has, for a dex)th of several inches, its mica-plates 
parallel with the surface of junction, and without the slightest sign 
of crushing. The most remarkable instance which I have ever seen 
was in the neighbourhood of Bergen ; there a vein of granite, rather 
more than a foot thick, threw off a band some three inches wide 
into a transverse fracture in the schist. It was obvious that the 
angles of the latter rock, one being about 60®, the other about 120°, 
would offer resistances definite in direction to the viscid mass of the 
granite. Accordingly the plates of mica in the latter (as usual, not 
numerous) wore arranged perxiendiciihirlj to the normals to the 
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surface of the schist ; so that they resembled iish hicli were 
turning aside from the main stream to swim up the branch. 1 have 
already described to this Society* cases of foliation devcloi)ed in masses 
of gabbro in the neighbourhood of a junction wdth bedded rock, and 
one yet more remarkable where a vein which cut a mass of serpen- 
tine and had forced its way between two layers of a large included 
fragment of bedded rock, preserved its ordinary structure so long as 
it remained in the former, but became foliated when it was nipped, 
as between two boards, by the latter. I have also seen in a 
trapezium-shaped intmsive tongue of gabbro, the diallage parallel 
with each of the three sides exposed to view. There is, however, 
a marked difference between the foliation in these cases and that 
presented by rocks ordinarily called metamorphic. In the former 
the structure is generally less conspicuous under the microscope, 
and the erjstalline constituents present the same characteristics of 
external form as in the ordinary igneous rock : but in tlui latter 
(whatever may have been the cause of the foliation - crushing of a 
rock already consolidated, or mineral change in a r ock originally ol’ 
fragmental structure) there is a marked differenc*'. 

Ilie process of crysfallizafion is the disturbance of equilibrium 
among the constituent molecules; that which was homogeneems is 
80 no longer. The formation of large cr\.stals aj)pi‘ar8 tr> be 
analogous to that of small, and to be onh a (luestion of timt*. 
When we find a rock full of minute crystals, we may conclude that 
by a t<jo rapid tall of temperature, fi(‘edoiii of motion was impeded 
and the M‘[»ai7ife cn'^tallites \\e!<* j>r< \ented from uniting. In this 
consideration we have to bear in mind the folJ«>\\ing facts, a& .stated 
above : — 

(«) That a h} aline condition Ls rare and local among the more 
basic rocks. 

(/j) That in the majority <d‘ ca<es the mon* basic minerals Ke])arafe 
first, so that tlie residue is rendered m(»re acid, and thus, under 
changed circumstances, may more readil} assuriu' a hyaline condition 
(and so impede movement) than the original hom(»geiu*ous magma 
w'ould have done. 

(c) That the minerals first formed will 1)(‘ the most peideetly de- 
veloped ; when two minerals are both ill developi'd, or sometimes 
one, sometimes the other, develojK'd at its fellow's (‘xpense, the 
crystallization-point for the two is jirobably, coterie parihus, nearly 
identical. 

(fJ) Tliat the fusion of an igneous rock is not “ dry fusion,’’ but 
fusion in the presence of water; and the same is tnio of crystallization, 
though the free discharge of w'ater from volcanoes may bring the 
cases of certain lavas nearer to that of “ dry solidification.” This 
may be the cause of tlio unusual abundance of tachylUc in some of 
the Hawaiian volcanoes, as these discharge little steam from their 
molten hut ebullient surface. 

{e) That pressure modifies the circumstances of er}'stallizatioii. 


Quart. Journ. Grol. fsoi*. ^ol. xxxiu. p. 
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It in.'iy also bo important as preventing dissociation, especially of 
\vat(‘r. 

Let us now examine the mode of crj^stal-building in a volcanic 
glass, putting aside for the present the consideration of the crystals 
which occur porphyritically ; because, as will be shown, there is no 
reason to associate their formation with this last stage of consoli- 
dation. A volcanic glass, when molten, may be either homogeneous 
throughout or not homogeneous. The former might produce a 
homogeneous solid, of which a piece of window-glass would be a 
perfect type ; the latter a glaas streaky from the occurrence of 
different sub8tanc(js, like various slags and very many glassy lavas. 
This is obviously due to the imperfect mixture of two materials (how 
mixed, matters not for our present purpose) of slightly different 
chemical composition, the masses of which during motion are drawn 
or “ teazed ” out into shreds. 

Considering for a while the former case only, wo see that the 
molten mass may solidify without marked separation of any of its 
chemical constituents, though this is rare. Commonly, numerous 
microliihs are formed, and the history of these, if traced, throws 
much light on the process of crystal-building. For this purpose 
no better examples can be found than some of the well-known 
j)itr‘hstones of Arran. On examining a slide from ono of these with 
an objective of low power, we see that the clear glass of the rock 
appears full of a minute spicular dust ; on applying a higher power 
(say I" objective) the particles of this dust are seen to bo very small 
])alc-greeii bolonitea, disseminated pretty uniformly and without 
orientation. Taking another slide, we perceive a number of larger 
belonites, and in ])arts of the same or in a third slide we find curiously 
tufted groups of the belonites, or aggregations of the smaller on the 
larger, like miniature spruce-fir trees. 

Now each one of these — larger belonites, tufted groups of all kinds 
— will be surrounded by a lacuna of perfectly clear glass, while be- 
yond that, there will bo interspaces crowded, as above, with the 
spicules. Moreover a closer examination of the larger belonites 
will often show that they are compound in structure, built up by 
the laying side by side of the spicules ; and further that in the fir- 
troe-likc groups the branches, >vhere they inosculate with the stem 
(to use a simile), sometimes make with it at first a comparatively 
small angle, nnd then stretch out more nearly at right angles, 
exactly as wt see the young branches start at an acute angle with 
the upper part of a fir-stem, but afterwards drawn down by the 
increasing weight of the bough (a botanical fact of which I may 
remark, by the way, many artists take no note). It appears, then, 
pretty clear that cither the increasing viscosity of the surrounding 
material, or the resistance of the tufts to which they were already 
attached, prevented these spicules from being incorporated into the 
main stem. Why in parts of the rock we have a uniform distribution 
of the spicules, and why in others they are able to aggregate as 
above, wo cannot say ; but probabh it is due to some very slight 
irregularity — an almost infinitesimal dillerence might bufticc~in the 
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c,.«.no»it.V.n of the n>cV. Some .lido*, however, iUurtntto iioother 
form of disfurhauce oi ounUibrium ; cr> »UI« of qimrtj or foUpar Ute 
imbedded in the rock, a ml «»» llu'wo tlu* ItfjKfT hftvc\ lun it 

were^ grown^ in ai*coniamv vtith n w<41- known law of rrystaV- 
hnildin);, that a imchanir,d di««lurluitico of tMimliUrium in favourable 
to it, ttlul every crxNlalUte M'vk>^ it 4 frt«e #rrii. 

l,*et m n*>u prx»ttxHl t*' Uo vh\% Hliieb are i-iitnpn hemled 

in the p in nil term “ lrvioH\t*H;‘ rv>< U ^Uwb nliU r^ iuiu a plm^v 
buM\ hut huie it < n^w</e</ tuth muridithn: m tklmh aho thennH 
nmino^fth a k>ii«r nCa,;** o| fli/iij m Mieh f^Junny 

foriiH JH and i»hHidi,ti. Here wo tlud cnMnlUtva of 

ftU 5 ‘ar isinrely ioitelher with irrunuInH of auntie, horn- 

blemit\an«l maj;nelite; these occji‘'i<m illv are *'•* far a’''*octat**fJ lo* to 
aftbxtl instaiu't's of luiiimtitr. ami they van ti<»f <hii Hi sm , Jn these 
rooks we are preM ofed iiith a "taire of ei \ ‘^t.il-huihhifft t^ouu^what 
analogous to that just deMrihed, thouijh takirur phiee iii a rotk ot 
slightly different conipositum. 'lhi'> inieiolithie stnu ture a/)]k‘ar.N to 
me to indicate that temj>eiature (as in the fornur case) was eiianging 
rather rapidly, and r ly stal-buildin" arrested hefon* il had 

progressed beyond one or tiio of its e irlier st jges. llt nee I fully 
expect that it will bo restricted to locks winch have* either been 
emitted as lavas or, if intrusne, lja\e solidified not far from the 
surface of the ground, that is, under einuuHtanct's which have 
allowed of comparatively rapid cooling and perhaps the free evapora- 
tion of water. 

Let Us now for a iru meiit turn our attention to tlie linger on stals 
of quartz, feKpar (and, in wsonie more basic (‘xainjiles. inqilielim' and 
leucite), biotite, nu<rite, and honiblendc, which W( lind in porphvntic 
varieties of these rucks. Tluso aie not seldom tomul to liave iikhu- 
porated into thtiuselves portions ot the ground-mass or mieroliths 
of other mimrals sneh as occur in the ro(k, which hav< lioen forced 
to obey the law of erv stallization of their captor, and to arrange 
themselves conformably to it. Instances are too common to inquire 
enumeration. 1 interpi’et this to mean that the ma'iina was main- 
tained for a considerable time at tlie temperature requisite for the 
separation of some particular mineral, and onlv slightly below that 
at which some other niin<‘nJ, pr(‘sent in a very much Hiualler (juantity, 
had solidified. For instance, in the ease of magnetite and leucite, 
the latter mineral begins to form in a magma in which seattcr'od 
granules of the former have appeared. First, probaldy, there is a gene- 
ral development of microlithic leucites ; next, owing to a slight non- 
uniformity of conditions, certain of these act as (‘entresof attraction. 

The first tendency w’iJl be for the leucite inicroliths to aggr(‘gatc 
and, in so aoing, to exclude the magnet ilo, if it be only sparingly 
present ; but after a while the nucleus becomes larger, the magma 
possibly slightly more viscous. Motion is not quite so free, and the 
converging microliths of leucite bring with them granules of magne- 
tite, and, it may be, the enlargement of the nuehms (as mentioned 
above) facilitates ciystal-formation ; hence the granular magnetite is 
included in the ciy’stal. (It must be remembered that when one 
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mineral is in the act of crystallizing and the other has crystallized, 
the latter is inert while the former is active.) It may also happen 
that in this crystal-building the attached microliths are now diverted 
in this way, now in that ; thus twin-building of various kinds will 
result, and I should expect that this twinning might be more 
perfectly developed by molecular rearrangement after the crystal 
had formed, but while it was still plastic. 

If this process of agf>rcgation of one or more minerals be carried 
on to a considerable extent, the residual magma will obviously differ 
much from the original. At last this also may begin to crystallize. 
Then, if the fall of teniperature, or the change of conditions be very 
slow, ■v\(‘ shall have a coarsely er}stallme mass enclosing the earlier 
develoned crystals ; but if the change is more rapid, one more finely 
crystalliiic will bo produced. If the magma contain the constituents 
of minerals, of which any one (under the circumstances) crystallizes 
at a markedly higher tcmper.iture than the rest, wo may expect 
perfect crystals of that to occur : if not we shall find that the 
minerals, though thoroughly er\stalline in structure, are very 
imperfect in Iheir external foim. 

In the case of slow eonsolidation it i» obvious that if we suppose 
at different ])oints in the mass the exist enee of centres of attraction 
of any kind, acting uniformly in (*verv direction, the microliths as 
they form will be aggregated around them with a radial stiuctiire and 
thus will torrii sjiherulites. On this structure I have some further 
^ema^k^ to make, in reLilion to vitreous rocks, in which it is far 
more common ; but 1 may ])oiiit out here that the curious orbicular 
diorile may be thus e.vjdained. In these globular masses we can 
generally see a more or less indistinct nnehais, then follows a series 
of subsjihcrical bands of juiorthite and horn])leiide, the former predo- 
minating. The process, then, appears to be as follows : — The two 
minerals have crystallized almost simultaneously, the felspar having 
had very slightly the advantage. The nucleus, iiossibly only in 
eonse(iuenee of the accidental i)resenee of a slight excess of anortliite, 
acts as a centre of attracuon, and anortliite from the parts of the 
magma in immediate continuity be]>ar.ites out and collects radially 
u])()n the existing nucleus. Jhit after this segregation of the 
fols])athic constituents from the magma has gone on for a certain 
time, there is a zone of it in ^\hieh is a residual excess of the horn- 
blendic constituents, so that eircunustanees now admit of the forma- 
tion of the Litter mineral; and tlms a zone of it is built up, until 
again the inequality is more than redressed, and the formation of 
anortliite recommences. Jiut this A\ill not go on indefinitely; for 
general cr\stallization of a non-radial character will ba^e been set up 
in the mass, so that at last molecular motion becomes impossible. 
The construction of sjiheroids ceases, and they are eiicdosed in an 
ordinary diorite. I notice tliat ^^here the bonndaiy of the splieroid 
is the most sharply detined, the outer ring is a thin one and is 
hornblende, as it should bo with the mineral second in order of 
formation. 

Leaving, then, for a moment, certain structural peculiarities, such 
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U i|ibeitllife»« hi m how hr %io oun cxurni^t which we 
oiMumoitty ittoet with io ifriooiiA 

Commeticiiig with tlu* huihrir Majro (omit»iri|c lutnrrab of an- 
terior con5(»h(i.*ri<‘o. and rt^tni ttta: our rviiiatkH (o ttw rovka con- 
ot wr t^rvw «Wo tnm* the 

followinir of {‘hoinom nu in rocks u/ia h cio iwt retmni in a 

condition »so \itn‘unN ;i> tlio tin h\l\l<.s, j^ih li'^tono, /itoJ ; — 

A. ( 1) i’oriuation oi a Jaip* uiiui/aT o/ fvl^inr lunrolitliti, so that 
these bcoiaiio the most (>hjct t.s in tliV y^vouml-iuass^ in 

which, liowever, more' or k\s> ^dass usually rcmaiii>. Tins gives the 
tnu'hf/toiihd ^'truci>n\' of many aiifliors, and indicates a comi)ara- 
tively rapid fall of temperature, so tiiat ci} stal-buildiiig is arrested 
at a rather early stage. 

(-) rurtlier de\t h'pmeiit of the fek])ars, until their ehemi(*al 
constituents are wholly, or almost wholly, remoV(‘d from tlie magma, 
followed by cr}slalii/.ati(»ii of the residue. This is the uj>hitic 
structure of authors, most ])erf(‘etly de\ eloped when the losidue has 
the composition >1 a ]»Mo\enie mineral aiul itsidf eiy slalli/.es rather 
coarsch — a structure. I think, iI}dieati^e ol more gradual (ooling, 
hut still under no gnat amount of constraint. JSot usual in the 
more acid rocks. 

E. t 1 ) Striielure iniiinte ; lait a glass\ is not di^tingni-liahle. 
Want of definiteness of <‘Xternal crcst.iiline lorm, as though some- 
times the sepal alion of ad ,act 111 miiieiah had not he^'U ahsolutily 
perfect, or an irregularity ot houiidar\, as though cr\stalli/aliou 
had ht'eii simultam'ou". t K(asjoiiaJly llieie is sonu' appiuach to a 
coordination of stnut ure. a moie or les> impciUet luientgrapliic or 
spherulitie urrangcuunt being visible. Ti.is is the jutrosiliaaus 
siriHture oi 'dUlhorHf indicative, 1 believe, of eon^tiained eoiisoii- 
dation. 

(21 (ienerally a coarser structuie than the bist. The sejiaration 
of the minerals is inuie euiuplete, and the f(ls]»ars tend to have 
rectilinear boundaries. Ibe mtcniontmihflc struchur oi* anlbois, 
W’hicb perhaps ultimately may lie in great part ela^^^ed with the 
next one, the remainder bel(»nging to the iiist, and both belonging 
chiefly to the less busie rock.. 

(3) Faiily coarse ielsj)ars, usually wi'll-defmed externally, espt*- 
ciallv in the more acid vaiicties, the ijranituid slructure of authors, 
especially characteristic of granites, tonalites, most syenites and 
diorites, and gahbros. 

This last metliod of crystallization seems to belong to very d(‘ep- 
seated rocks, A\hero consolidation li.is t.ikon place under great 
pressure and in the juesence of coniiued water-vaj;our ; certain 
cases of (2), and peilia]>s some of (1), indicate tlie samo process 
earned on more rapidly, an 1 so occur freijueiitly in vein-granites 
and intrusive felstones. 'J'lie first, or /Mfrom/ivcous type, liowever, 
requires much discussion, and with some remarks on questions 
relating to this, 1 must conclude this already too lengthy address. 

For many years the 8iibj(*ct of the minuter crystal-building has 
been present to my thoughts, although the jiressurc of what 1 may* 
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call larger questions has prevented me from devoting to it much of 
the time which I can secure from daily duties. It was a question 
to which my work in Charnwood and North Wales obliged me to 
pay attention, and I may mention that it is now seven years since 
I published a paper in the ‘ Geological Magazine ’ which dealt with 
the possible mode of formation of some spherulitic rocks in Arran. 
This will, I hope, he my excuse for putting b(5fore you some of the 
results of my own work, without direct reference to what others 
may have written on the subject. The question propounded to us 
by the study of This class of rocks in the field is practically this : 
Has the petrosilioeous, the splierulitic, the micrographic structure 
been produced during the original cooling of the rock, or has it been 
subsequently brought about ? and if it has been produced at either 
time, is there any hope of distinguishing what 1 may call original 
from secondarg devitrification ? Besides studying a large number 
of natural rocks, I have examined some artificial glasses in the hope 
of obtaining some help from them. 

I have to acknowledge with gratitude the assistance which I 
have received, both in information and by the gift of specimens, 
from Professor Judd, Mr. J. A. Phillips, Messrs. Osier, Mr. P. 
(laudet, and Mr. Frederick Siemens, of Dresden. To the last two 1 
can hardly adequately express my thanks. Each, from the funds of 
his practical experience, gave me much information ; each made 
me a liberal gift of specimens, Mr. {Siemens oven having some 
specially prepared for me, J may add tluit in the time at ray dis- 
posal since these reached me, it has been impossible to do full justice 
to the many interesting questions to which they give rise ; but I 
hope to make them the sulqcct of further study. 

Specimens of artificial glasses vary considerably in composition. 
The following are anahscs (furnibhed me by M. Claudet) of flint- 
glass (1. and IT.) and a (Erencb) bottle-glass III. * 

* M. Peloiize also, in his article Siirle Verre, Compt. Rend. Ixiv. p. 53, gives 
the following an alyl's : - 

Ordinary! Glass. 


S 1 O 2 77*04 73 0.1 77*80 

CaO 7*41 15-l(> 12-.50 

Na,0 ir>*r>l 11-79 9*70 


99-96 100*00 10000 


Alumina glaa.s. 


Magnesia glass. 

S. G. 2380. 


(Easily devitrified.) 

SiO. 75*00 

SiO, 

68*9 65-7 

7-00 

MgO 

14*9 12*0 

Na^O 17-40 

CaO 

7*3 

10000 

Na,0 

16*2 15*0 


100*0 


100*0 
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III. 
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8iO, 
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Al u, . , , . 
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LrTJ 
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In itint-^lii^- th^' jvT*N»m i-:** of ^i/ir i h o/>< n bii^hir, th rf iffnlumlua 

lower, and tho^^e td Ihik’ and sihI i nior*' nv^it'h «'»|n il iUna in <!.). 
In fact, \vc nn^djf takt‘ a'* an a|>;>ro\iin it^* t-'U ♦»/ a f\]»;ral 

ilirit-i^la'irf aiK»ut jur ('<*iit. ol >il]V:i and a*>‘»(n jfrr luiw 

and soda, in iumfI}* c(jual projjori i<»n->, tin* n•^idln* conH|sf]ji^»' td 
alumina, iron, niani^anoM*. S:c. The pn'^* iire of uliiniimt, as u'rlj 
known, ivndor> the Je>> fii'^ihle. Heneo, in (*rder lo oJttnin 

devitrified speciinen.s, Mr. Ciaiidet was in the ha)»it of’ .•■jn-i nk I iiii;* a 
little clay on the n'sidual glass in a jx)!. 1 think, acted 

mechanically a^s well as chemically, as j>rohaj)l\ it M as m)l wholly 
melted.) C’oinjxmnd silicates also, h(‘ informs me, were im)re fusible 
than simple. Jii tin* comjiarative stud) of aititicial glasses and of 
igneous rocks there are, however, two obvious ditliciilti(*s — one, tliat 
the former, as indi(ated alxwe, contain a much laigcu' ju’rcentagp 
of lime and of an alkali than Me tiiul in oh>i<liaiLs, pitchstones, or 
rhyolites, and that in regard to themwe are di'iiliiig with dry fusion 
and dry solidification (Mr. Siemens intorms me that ii is an imjiortaut 
matter to alltiw the ** metal" to boil tor a cousiilciMlile time, i. e. to 
eliminate from it vapours and ga'-e*'). As 1 liad been inform* d tliat 
Messrs. Siemens Mxuv making hot tlc-glush tn»m“granidite"()r graniUs 
1 had great hope» of obtaining from them an artiiicially jnotlm’cd 
obsidian, and thus being enabled to study the de\ itntication <»f a 
sub&tance chemically identical Mutli a natural rock. This, 1 r(‘gn‘t 
to say, is not quite the case. Tlieir stajile mat trial is a gran it <* or 
granulite. of M'hich anahM's are given below but a certain tjuanlity 
of calcium fluoride and sodium chloride or sulphate are addt'd. I 
was not informed of the exact amount ; Mr. Sitmiens says it is 
done rather roughly, but ‘‘so as to rnakt* a good alkaline glass.” 
Hence, even in this glass, we have more lime and alkali, as well as 
less magnesia, than wo sliould find in .such a lock as an aiide.site, 
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with which probably the silica and alumina percentages would more 
nearly correspond. Nevertheless, though this fact obliges me to 
hesitate at present as to the identification of the minerals formed 
during devitrification, these specimens have proved of great assis- 
tance*. 

It will be convenient to describe very briefly the results of my 
examination of the various glass specimens referred to above, before 
indicating their bearing on the devitrification-structures of natural 
rocks. 

In ordinary window-glass two types of crystals appear to be 
developed t. One consists ot long acicular prisms of a clear mincnil 
with a satiny lustre, like that of pectolitc. These form spherulites 
(sometimes more than an inch in diameter in the body of the glass), 
but they also, as we might expect, form a more or less mamillated 
layer, starting from the exterior portion of tlie mass, especially 
where in contact ^^ith the sides of the pot. Both are composed of 
thickly crowded tufrs of acicular or hair-iike mieroliths, exactly like 
the growth of microerystalline (juartz which we can study in the 
chalcedonic linings of cavities in rocks. Sometimes they form 
radiate heinisi)heros, the jdane face being the surface of the glass, 
the centre not seldom a little s 2 K‘ck, whicli ap])tars to have been one 
of the clay granules jnentioned above. The second tyj)e is a mineral 
of a less satiny lusti’C and ap])arently not quite 'VN'itliout colour, tlie 
larger aggregates having a faint oehreous-grey tint. Its habit of 
crystallization a])poarH to be entirely different. Commenetng with an 
elongated fiattish i)risni, smaller j)riMus attach themselves to the 
sides at angles of about tJU . and to th(‘se in like way others are 
added. C)( casionally the ro(7//s, as 1 may term it, of the leaf 
becomes curved. These, again, combine into stellate six-rayt d 
forms, reminding us of the ^\ell-knowu snow crystals, and develo})e 
into fiattish hexagons like those figured by Vogelsang in the eighth 
and ninth i)la1es of liis work ‘ Die Drystalliten,’ except that the outer 
boundary appears sharper than in tliose on the latter plate. A 
remarkable twinning now takes place, two com 2 )osire crystals 
placing themselv(‘s at angles of (>ti 'with the jdanc of the first plate, 
so that a vertical section woubl give us a six-rayed star. This 
process continues, hut \\itli a certain dominance of crystals lying in 
the original direction, so that its result is an aggregated mass of 
somewhat flattened forms, the longer diameter of which sometimes 
measures nearly an inch. At ilu' ends it is rather concave, and its 
sides still retain a somewhat hexagonal shape. I may give a general 
idea of the appearance by comparing one of these to a ball of cotton 

Tam, of course aware of tlie glass formed from melting Imsalt ; but on 
account of tiie rarity of glasses and structures 8iigg08ti\o of “devitrification” 
among tlu* more basic rocks, I have not thought it worth while to spend much 
time over tliein. 

I’ Mr. Oljiudet informs me that tliese Hplierulites were produced by stopping 
all tlie oriliees of a furnace, and allowing it to become cool vtry slowly, the 
time occnjiied before the cooling was conq^Icted and the j^ots were withdrawn 
being from 8 to 10 days. 
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as ordinarily sold, if its sides were compressed by its being placed 
in a hexagonal box. 

Both of the above crystalline aggregates appear to be sharply 
separated from the enclosing glass, which, I may remark, is often 
cracked for some little distance round them, as though by strain in 
subsequent cooling. Although the latter microliths appear to form 
tufted and sometimes sj)herulitic masses, like the former, by the 
crowding of the branch-like forms, so that they arc compressed 
together like the twigs in a broom, yet 1 am disposed to regard the 
two as distinct varieties, if not distiiut minerals. Prohaldy, how- 
ever, the difference in chemical composition is but slight. Their 
occurrence, often in the middle of a mass of perfectly homogeneous 
glass, leads one to suspect that they differ but little from it in com- 
position, and are cr\stalsof some lime-soda silicate, chemically as 
nearly as posvsible identical with the gla^s*. So far as I can at 
present ascertain, each is a monoclinic mineral. 

Mr. F. Siemens sent me a specimen of “ granulite glass containing 
spherulites, taken ‘‘out of an old tank-furnace eoolod down slowly 
with about lOOO cwt. of gla^s in it.^’ Tlu' fraitment is of irregular 
form, about 5' x‘S'x2‘, of a rich rcMn-lirown glass, containing 
several spherulites beautifully developed, nioNt of them about 1' 
diameter, sometimes a little more ; tin*} exliibit a radial structure, 
with one di'^tinetly zonal in the ext('rior part, forming a kind of 
‘‘rind’’ about *2' tliiek. The inner part is ot a j>ale \ ellowish-grey 
colour and' has a slightly unctuous liistn*: the outer has a pinker 
tinge and deader lustr(‘ : luit the outermost zone, perhajis J th inch 
thick, more nearly resembles the int<Tior. When examined under 
the microscope thest* spherulites are not very transliK'ent, of a 
dusty grey colour and rather earthy aspect ; the radial strucliire is 
rather irregular, tlie sphorulite being a]>parf‘ntlY (om]>ohed of a 
matted mass of rather eur\ed acieular mierolitlis ; th(‘ zones are 
indicated by darkiT bands and there are some interi'sting minor 
peculiarities on whicli I must not dwell, <‘xe('pt to say lliat bevond 
the spherulite is a very tliin fringe of minute colourless crystallites. 
This mineral is ])rohahly an aluminous silicate', and reseiuhles that 
in some spherulitOft which 1 have seen in obsidians and iiitehstones ; 
perhaps it is an im])ure microlithic oligoclaso. 

In all these specimims, described above, the various crystnllites 
have formed during the cooling of the mass from a molten condition, 

* Mr. Claudel tells me that some years since, he annlyzed a glas.s and one of 
the enclosures, and found no substantial difTcrence between tliiMn. 1 may add 
that Vom Rath’s analyses of a pitchstone and a sjiherulito from Aiiiisiiia 
(Andes) gi\e but little difference. Dumas’s analyse.s of a glass and its (‘rystal- 
lized inclusion, however, show a decided dilfcrence 
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and thus illustrate what we may term primary devitrification. It 
represents a segregation of certain crystalline minerals from the 
body of the glass, which, however, undergoes no change whatever 
that is visible to the eye in the other part, the free ends of the 
microliths being bounded by a true glass, apparently identical 
with that in other parts of the mass. I now turn to some 
examples illustrative of changes produced by the action of heat 
upon specimens which have once been perfect glasses. The first, 
given me by Mr. F. Claudet, is one of great interest. It consists of 
a number of sheets of window-glass, which, when lying one on 
another, were exposed to great heat in the noted conflagration at 
Hamburg, and partially fused, so that they now form an almost solid 
mass about | inch in thickness, with thin alternating bands of 
opaque-white and of clear glass, not unlike a banded rhyolite. A 
closer examination shows that, except at top and bottom, each white 
band is more or less double, half belonging to the underpart of one 
sheet, and half to the up])er part of that in contact with it. Each 
is composed of a tufted growth of very minute aeicular crystals of a 
pale b row’ nish- grey colour. Usually their close approximation 
compels them to exhibit a brush-like structuie; but occasionally 
where there are slight interrui)tions, we have more or less ])erfect 
half-spherulites. and in a few cases where the fusion of the surface 
a])pcars to liave been complete, w e have a perfect spherulite, whose 
ecjuatorial plane represents the former junct ion-faces. As the glass 
has not been completely melted, it seems probable that the spheru- 
lites are due to a crystallization of, not from, its matciial, and they 
clearly originated at the surface of the sheets. 

A specimen, pre])ared for me by ^Ir. V. Siemens, fuithcr illustrates 
this. A groii]) of four pint buttles of different-tinted granulite glass 
wms exi)Osed lor tw’entvlbur hours to a temperature of about 600^ C. 
The lu^at has not sufliced to fu^^e the bottles, hut they have been 
completely softened, ha\e fallen togetlier and become w elded into an 
irregular flat cake, though the necks, lips, even the letters stamped on 
the bottles, can be readily distinguished. AVe have thus had about 
the same ai)proach to fusion as in the former ease. Here, too, a 
fracture Ihrough one of the bottles show’s at either surfac(‘ a w’hite 
skin about v.h th inch thick, duplicated as before, wdiere tw’o surfaces 
have been welded togeiher; hut belw’een these, in the clear glass, are 
numerous small splnu iilites from ,\,th to y„th of an ineh in diameter. 
Here, again, one would imagine the chemical diflerences hetw’een 
the crystalline bodies and the glass must be extremely slight. The 
mineral has a similar as[)eei W’itli, and is probably the same as, that 
in the larger spheruliles described in the slow’ly cooled mass of 
granulite glass. 

I am indebted to IMr. F. W. lUidler for a specimen of great in- 
terest. This is a fragrmmtof a plate of glass, about 1*L inch thick, 
do vitrified by exposur<‘ in a erucible to a bright red heat for three 
weeks. A slide cut from it exhibits many points of interest on 
which I have not time to dwell : but the following have a special 
bearing on the question before us. So far as I can ascertain, there 
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is no residual glass ; a fair quantity of an earthy dust, and sundry 
globulitos have formed, also a number of minute belonites ; but the 
dominant structure consists of crowded ‘‘ brushes ” of an acicular 
mineral with a general resemblance to that of the lirst type described 
above. The most interesting point, however, is that the fragment 
has three OAternal faces, ])»rts of the front, back, and an end of tiie 
plate; the acicular microlithic aggregates grow out from each of 
them until tluT meet, ^\}lere a sharp duisional line is fornjed, viMble 
even to the unaided e\e, clearly indicating that the crystallites 
started simultaneously from each exleiior lace, ami grew inwards 
till they met. Tlie strneture is ronglily repnxnted in tlie annexed 
diagram. Hoie, as the whole glass (Ie^itntud, tlu* dominant 
crystallites mu&l be marly identical in eoIll])o^ition with it. 



()} a trajjMhf nf (NMitrdied 

In comludiiJi: !}»i> >ul»je»t, I must itiall to your memory tlieniost 
important e\]anu.<iits ot M. I>au)>r<**‘ on (ommon glass. l’hese|. 
however, weie ]»erloim(<l in closed tubfs in the ])r(‘M*ii(‘e of W’atov 
(about (UK* thud ot tin* wei.:lit of the* tiiasN)*. litre the C(nnj)Osition 
of tin* glas*. was eoiiNideialdy alteK d, quart/ eiy.stals weie develojied. 
wdlh many beh nit( sol a sili( ate. w ith sphiriilitt*.^ and a tufted glow th, 
probably of ehalcMlony. and with a lew araiiLs of ]>y roxeiie. TliO 
irregular crow (liniz of the sphenilitts is \(ry noteW(*itliy, ami the } 
effect of the suiface'i of tin* glass on tlie aroiijuiig of the >tni(turtH 
prodiK'cd by tli<* alt<'ration. A study ot 31. l)au))ree\ leinaiKs and 
plates aj»])(‘ars clearly to indicate that there is a gieal diflerenec* 
between tlie results of mere ‘•heat” dc‘\ nnlic ation as deseriljcd 
aliove, and lhos<‘ ot ** In at-watei-picssuie ” deviti ilieation. 

The experimental evidence above cited indicates that consider- 
ahle structural chiinge and jiossildy soiii(‘ amount of molecular 
segregation involving aetual change of relative jiosition (wiiicli h 
certainly con.s'ideiabh* when wat(‘i is ]»res(‘nt) can take ]>laeewhen a 
solid body is rendered modeiately plastic, but without fusion. This 
is further illustrated by sucli lads as the kernel-roasting of eopper- 

• ‘Etudes SyiithetiquC's de (Itologie Exp'roneiilalc,’ ^(>l i. pp. l.VJ-171. 


Compoaitioii : — 
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ore. That similar processes can go on in nature is suggested by 
the numerous instances which we witness in studying the conversion 
of olivine-rook into serpentine, of pyroxene into varieties of horn- 
blende, the formation of tourmaline in granite, and the like. I 
believe also that many of the oolitic grains in limestones are struc- 
turally true “ spherulitcs ” developed after the rock was more or less 
consolidated ; and that such is the nature of the radiate balls in the 
magnesian limestones of Durham can hardly be doubted. Many other 
instances of ‘‘ concretion ” might readily be mentioned, notably those 
singular forms in the flinty slates of Eskdale; but the above may suffice. 
I formerly pointed out that the spherulitic structure of certain fclsites 
in Arran could only bo explained on the supposition that they had 
been produced by a motamorphie action due to a subsequent intrusion 
of an igneous rock. The structures of the devitrifiod glasses also 
show us very clearly how great an influence the slightest disturbance 
of equilibrium has on the initiation and direction of crystal-growth. 
The discontinuity, and consequent diflerence, due to the mere 
existence of a surface — what we may term the surface tension — has 
sufficed to originate crystallization in each one of these cases of 
artificial secondary devitrification. 

Thus my examination of a large number of igneous rocks in the 
light obtained fiom the experimental evidence described above leads 
mo to the fl)llowing conclusions : — 

(1) That spherulitic and other microlithic structures can be 
produced in a glassy rock during cooling. 

(2) That they may sometimes originate from a nidus (as it were) 
of slightly different mineral composition, which thus starts crystal- 
lization. 

(3) That they very often originate by the mechanical aid of some 
included crystal or particle. 

(4) That perhaps still more often thej arc the result of some kind 
of strain analogous to that of the artificial cases described above. 
This might occur cs])ecially in banded rocks, as the difference in 
composition in the lay^^rs might cause them to contract unequally. 

(5) That these microlithic structures, unless too crowded, are 
sharply separated from the surrounding glass. 

(6) That they can also be produced by subsequent heating short 
of fusion, and that, excox)t perhaps that the results are more obviously 
connected with local disturbance of equilibrium, there are no means 
of distinguishing between “ dry heat ” devitrification and “ slow cool- 
ing ” devitrification. 

But the experiments of Prof. Daubree have produced results not 
wholly identical with those of the dry -heat action ; and to this ex- 
periment the process which has taken place in nature must have 
been more nearly analogous ; that is to say when “ devitrification,” in 
the strict sense of the word, has been produced in a rock once glassy, 
the agents of change have been pressure, water, heat, the elevation of 
temperature being probably in most cases very moderate. How far, 
then, is it i)ossible to distinguish the results of this from those of 
“cooling devitrification,” the only other kind likely to occur, except 
very locally, in nature ? 

VOL. XLI. 1c 
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An examination of Prof. Daubr^’s results suggests that the devi- 
trifying action has been more universal and simultaneous throughout 
the mass than in the above-described cases of “ dry heat^' or “ cooling ” 
devitrification. It is true that the surfaces of the mass have, in this 
case also, produced modifications ; but spherulites appear to have 
started almost simultaneously from many independent centres, so as 
to form a crowded mass, interlocking with irregular outlines, instead 
of a number of largo spberulites, which, if they come into contact, 
are i)arted by more uniform surfaces. The formation also of 
innumerable microliths throughout tlie whole mass of the glass is not 
wen paralleled in the instances of “ dr 5 '-hoat devitrification. Now 
on examining cases where we may reasonably conclude that a devi- 
trification (in the strict sense of the word) has occurred in nature, 
we are struck with certain stnictiiral peculiarities. We may, 1 think, 
assume that the existence of a ])erlitic structure in a rock is an indi- 
cation that it has once been a true glass. Isolated spherulites and a 
weU-marked banded structure are, I believe, also ])rosum])tions in 
favour of the same : though in the latter case portions may have 
assumed a crystalline condition in cooling. If, then, we examine 
slides of such rocks as the devitrified perlitic lavas of the Wrekin 
district, we observe that the secondary structure presents certain 
peculiarities. Not seldom it bears a definite relation to the cracks 
by which the perlitic mass is traversed, a thing not surprising, 
because these cnicks, as pointed out some years since by myself, and 
as indicated to you during the present year from another point of 
view by Mr. Rutley, may have from the very fir.st been connected 
with pressures or strains of some kind, and this disturbance of equi- 
librium could scarcely fail to tell when crystallization commenced. 
There are, indeed, instances to be found where the depolarization- 
phenomena ordinarily seen in a colloid body subject to strain seem to 
have been rendered permanent. The dcvitrification-structures in those 
perlitic rocks differ much from those which Ihavt* observed in any case 
where there was a reasonable probability of their being the result of 
the original cooling. It is difficult to express it in words, without 
entering into lengthy and minute details unfitted for the present 
occasion ; hut I may epitomize them thus : — the slide throughout 
exhibits a peculiar confusedly ciTHtalline structure, the individualized 
minerals sometimes being of extreme minuteness. The ground-mass 
appears to be composed of a mixture of ([uartz and fdspar ; hut it is 
exceedingly difficult to say which has been first to consolidate, some- 
times the one, sometimes the other, appearing to hav(‘ had the mastery. 
Now and then a felspar crystal exhibits a rectilinear boundary, 
but very commonly it appears to granulate into the quartz, and 
sometimes the felspatbic minc'al (I am doubtful wliethcr it is a true 
felspar) resembles a kind of residuum or sediment,” loft unused 
when the quartz grain had formed. The latter mineral frequently 
occurs in little groups of moderately distinct, though crow^ded crj^stals, 
as may he observed in some eases of chalcedonic formation in veins 
and cavities. Close intorcr}^stallizations of the (piartz and felspars, 
loading to all kinds of imperfect «phenilitic, micrograpliic, and den- 
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dritic structure are common ; and not seldom tiny spherulites occur, 
whether singly or in crowded groups, of that indefinite external 
character already mentioned. Tn short wo have a number of struc- 
tures similar, so far as I can judge, to those figured by MM. Fouqud 
and Levy in their magnificent work ‘ Mineralogie micrographique,* 
plates xi., xii.(2), xiv., xv., and xvi. (1): in the last, I believe, 
at any rate the larger spherulites are of anterior consolidation. I have 
found characters more or less similar prevail in the “ felstones ” 
beneath the base of the Cambrian of North and South Wales, in the 
compact lavas from Charnwood, in the more compact of the Ordovician 
lavas from Wales, and in many other similar rocks. It is, in fact, 
generally found in those “ felstones ” which have a compact, smooth, 
and sometimes subconchoidal fracture, but hardly so much as a 
glimmering lustre. 

Hence it appears to me that the petrosiliceous structure of the 
above-described character is probably always the result of secondary 
devitrification, in which pressure and water (acting for a long time) 
have been more important than heat. It has nearer relations to the 
microgranulitic structures found in certain vein-granites and intru- 
sive felstones than to the trachytoidal structure of lava-flows ; which 
is not surprising, seeing that the former structures have probably 
been set up under considerable pressure and in the presence of water. 
Thus we appear to have two groups of structure : one, the trachytoidal 
and ophitiC; which arc more generally the results of drier and loss 
constrained cooling ; the other, the petrosiliceous, microgranulitic, and 
grauitoidal, indicative of the presence of some water and the existence 
of much constraint, the first of these three being probably almost 
entirely a structure of secondary origin; for 1 expect that we shall find 
on further study that we shall be able to distinguish oven the more 
minutely microgranulitic rocks from the truly petrosiliceous; but on 
this point I will not venture to speak at all positively, as I have not 
been able to study so many specimens of these vein-granites as I 
should wish to have done. Still I think wc may safely affirm that 
the majority of the petrosiliceous rocks owe their structure to a 
peculiar form of subsequent devitrification, and so, as rhyolites, 

obsidians, and pitclistones, belong more properly to the metamorphic 
rocks (of igneous origin). 

I have throughout spoken, as I stated I should do, with little 
reference to tlu' w’ork of others, because I thought that there might 
be a certain interest and advantage in presenting what I had to say 
from a personal point of view, since on nearly every point I have 
striven to form an independent conclusion, and often the result of 
many hours’ work has been condensed into a few words. It has 
been work, I fear you will say, leading to little result; but perhaps 
its verj^ incomi)letene8s may suggest lines of research to other workers. 
Another reason wliy I have referred little </0 the investigations of 
others is, that in ('ach case one ought in justice to bo sure of naming 
the original observer. Now to do this would have involved much 

* I UBG the last terra for want of a better name to express cases where the 
minerals resemble crowded branches or rootlets. 
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additional labour, of a kind unprofitable to one’s self. The great 
demands made upon my time for the last four years by duties only 
indirectly connected with science have compelled me to be a little 
selfish, and have precluded me from the careful study of a good deal 
of contemporary literature, now becoming fearfully voluminous, Eut 
I cannot conclude without stating how much I owe to many fellow - 
workers — to Daubr^e, Fouque and Levy, in France, to llenard in 
Belgium, to Yogolsang, Itosenbusch, and Zirkel, in (Germany, to 
many Americans, above all Wadsworth and Did ton, and, in our own 
country, to 8orby, Phillips, Teall, Judd, and Allport ; all of tliese 
last named have aided me in eveiy possible way, freely furnisliing 
me with specimens and frankly imparting to me their own ideas. 
To the last, Mr. S. Allport, 1 teel myself iindti a special o]»ligat ion. 
Fourteen years ago, when 1 began to study the microscopic structure 
ol rocks, there were few books and, in Kngland, very few jietrologists. 
Mr. Allport had already more than mastered tlie ]>r(*liminary difii- 
culties, and had got together a fine collection of rock-slides. Ids 
own handiwork. This collection and all that he knew uere at my 
service whenever 1 could vi^it Eirnnngham. To him J used to carry 
por])lexities, and from him I got that help vhich, in my new 
stage of work, was invaluable. 1 can say with truth tluit had it not 
been for his assistance, as well as \oiir indulgence, J might never have 
attained to the honour of addre&smg you li’om this chair. 
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February 25, 1885. 

Prof. T. G. Bonnet, D.Sc., LL.D., F.R.H., President, in the Chair. 

Bennett Hooper Brough, Esq., Assoc. R.S.M., 5 Robert Street, 
Adoli)hi, W.C. ; l^arvati Nath Datta, Esq., 10 Blackwood Crescent, 
Edinburgh ; Robert Stansfield Herries, Esq., B.A. Cambr., 53 War- 
wick Square, London, S.W. ; William Herbert Herries, Esq., B.A. 
Cambr., Shaftesbur}', Tc Aroka, Auckland, New Zealand; Rev. 
Edward Jordon, Ravenscroft Park, High Barnet, N. ; Lees Knowles, 
Esq., M.A., LL.M., Westwood, Pendlebury, near Manchester; and 
Wniiam Hobbs Shrubsole, Esq., Shcerness, wore elected Fellows of 
the Society. 

The List of Donations to the Librarj^ was read. 

The following communications were read : — 

1. On a Dredged Skull of OvUm moscliatusJ^ By Prof. W. 
Boyd Dawkins, M.A., F.R.S., F.G.S. 

2. ‘‘ On Fulgurite from Mont Blanc.” Bv Frank Rutley, Esq., 
F.G.S. 

3. “ Oil Brecciated J^orfido-rosso-antico.” By Frank Rutley, 
Esq., F.G.S. 

4. “Fossil Cyclostomatous Bryozoa from Aldinga and the River- 
Murra} dills, South Australia.”’ By Arthur Wm. Waters, Esq., 

F.G.S. 

The following objects were exhibited : — 

Specimens, exhibited by Frank Rutley, Esq., F.G.S., in illustra- 
tion of his pa^iers. 

A collection of stone implements and two cut bones from the 
neighbourhood of Reading, Berks, exhibited by O. A. Shrubsole. 
Esq., F.G.S. 

Two old oil-paintings of Vesuvius in eruption, exhibited by 
George Ellis, Esq. 


March 11, 1885. 

Prof. T. G. Bonnet, D.Sc., LL.D., F.R.S., President, in the Chair. 
William Lester, Esq., J.P., Bron Offa, near Wrexham, and 

VOL. XLI. I 
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UmiBB Stewart, Esq., Assoc, M. Inst. C.E,, Cape Town, were 
dected Edlows of the Society. 

The list of Donations to tho library was read. 

The following communications wore read : — 

1, ‘^The Granitic and Schistose Rocks of Northern Donegal/* 
By C. Callaway, D.Sc., F.G.S. 

2. <‘On Hollow Spherulites and their occurrence in ancient 
British Lavas/’ By Grenville A. J. Cole, Esq., F.G.S. 

Rock specimens and microscopic sections were exhibited by Dr. 
Callaway and Mr. Grenville (k>le in illustration of their papers. 


March 25, 1885. 

Prof. T. G. Boxney, D.8c., LL.TX, F.lt.S., rresidr‘nt, in the Chair. 

Hiarles Do Laun(‘ Faunce do Laune, Esq., F.L.S., SliarstwH’ourt, 
Sittingbourne, Kent; and William Hill, Es(j., Jun., The Maples, 
Hitchin, Herts, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

Tho following communications were read : — 

1. “On the Relationship of Vhxhndrony Lindley and Hutton, to 
Lepidodendron^ Sternherg, Both rod endron, Lindley and Hutton, 
Siaillaria. Brongniart, and lihytidodendron. Boulav.*’ By Robert 
Kidston, Esq., F.G.S. 

[‘Abstract *.] 

The Author commenced ])y exjwessing an opinion that the 
so-called genus Ulodmdrott of Lindley and Hutton com])rised 
specimens bedonging to .several sj)ecics which were referred to 
different genera. Unless the outer hurfaeo of tlie bark is well 
preserved, stems of Clatlirarian Sif/illarirr and Lepidodeifidra are 
undistinguishable ; but s]K‘cics of inodeiidron have been in several 
cases founded on dccorticat(‘d e?:amples, and distinguisluvl by such 
characters as the size of the Ulodendroid scar. The tliree species 
which have furnished most of the si)eeimons described as UJoden-' 
dron, and to the description of which the present paj)er was chiefly 
devoted, are Lepidodendron Veltheionatium^ Sternb., Sifjillaria dis- 
ayplwra^ Kdnig, .sp. (=i7. vwjvs and U. minus^ Lindl. & Hutt.), and 

Taylori^ Carruthers, sp. 


^ This paper has been withdrawn by permission of the Council. 
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The subject of the paper was divided into four heads. In the 
first an epitome of the views of previous writers on Ulodendron was 
given. The writers noticed were Steinhauer, Ehode, Allan, Konig, 
Sternberg, Brongniart, Bindley and Hutton, Bucldand, Hooker, 
Sauveur, Unger, Goppert, Tate, Geinitz, Goldenberg, Miller, Eich- 
wald, Macahster, Dawson, Carruthers, Bohl, Schimper, Weiss, 
Williamson, Eeistmantel, Star, Thomson, Zeiller, Lesquoreux, and 
Renault. In the second part the Author described the specimens 
belonging to the species named that he had been able to examine. 

The third part contained the general conclusions as to the nature 
of Ulodendron at which he had arrived. He commenced by defi- 
ning the four genera Leindodertdron^ Lepidophloios^ Siyillaria, and 
lihytidodendron^ as distinguished by the characters of their leaf- 
scars, and showed ^^iiLepidodeudroti, Slyillaria^ and Wiytldodendron 
occasionally exhibit large scars, arranged in two opposite vertical 
rows. These are the Ulodeudroid scars. They marked, in the 
Author’s opinion, tlie point of attachment of a caducous appendicular 
organ, which had in a very few cases been found in position. 
These appendicular organs were probably sessile cones. Details 
were given, showing the progressive development of the scars, the 
obliteration of the normal leaf-scars by the appendicular organs, 
and the branching of Ulodeudroid stems. 

The conciuding portion of the paper contained the synonymy at 
length and full descriptions of the three fossil plants, Leyklodendron 
Velthehnianum^ SUjillaria dhcopltora^ and S. Taylori^ together with 
the horizons and localities in which they have been found in Britain. 
Boilirodendron was shown to be a decorticated form of ITlodendroid 
si cm, and Knorria a cast of the core of Lep ulodendron. 


Discussion. 

Mr. CAiiRUTnERs, after expressing his sense of the value of the 
paper, remarked upon the difficulty of finding characters of real 
importance for groujnng fossil plants ; hence fossil species and genera 
are based on very diirercnt data from those of recent plants. AU 
the essential characters of the Carboniferous Lycopodiacese, for 
example, ma} be found in the recent genus SdayuuUa, ^^en 
he liimself wrote on the subject he merely acci'pted the cha- 
racters of Ulodendron, and his only important difference from the 
Author was as to the organs borne by tho Ulodeudroid scars. 
There was a difficulty in the way of accepting them as cones in the 
fact that the scar is surrounded by a ring or distinct cicatrix where 
there was a connexion of tissue ; if so, impressions of leaves within 
< he scar could not be left. All the markings on the lower portion 
of the scar arc circular, indicating tho places where vascular bundles 
passed through. In the upper part they arc drawn out. Hence 
he had considered tho organs borne by these scars as aerial roots, 
such as occur in tho Selagimllee of the present day, allied to the 
Ly copods of the Coal-measures. The important point is, whether the 
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marks on the scar are marks of leaves or marks of bundles. Pro- 
bably these soars arc found in different genera, but the scars may 
be of as great importance as the lojif-scars themselves for grouping 
the plants in genera. He thought the cushions and penuanent 
leaf-bases, as in some living C 3 Tads and Lycoj)ods, wore parts of 
jfche leaf, not parts of the stem. 

Prof. PoTi) Dawkins said that he had a large collection of Coal- 
plants under his charge in the Manchester Museum, including forms 
similar to those exhibited by tlio Author. This collection throws 
much light upon Lepidodeii droid plants, and he agreed with the 
Author as to the propriety of clashing together the various forms of 
Lepuhyhndra and SujiUaria. Prof. Williamson regarded all tlu* 
species named as merely forms of l.epidodeudroid ])laiits. He was 
inclined to regard the Ulodeiidroid scars as im])rcssions of seed- 
cones, and not of aerial roots, because on th(' best specimens of 
these scars there are impressions of whoi’ls of leaves or modified 
leaves. In these plants the hark consists of s(‘vc‘ral layers ; hence 
arise the various patterns exhibited, which liave led to the estab- 
lishment of different genera. 

Prof. SnELEY said that in former years he had \vork(‘d through 
some collections of C’oal-] hints. If Ho<h ndron were a good genus, 
then tlic internal ditten'iiee <*1 structure bi'tween SujUJuna and Li- 
pidiKh tidron could not he general. The character of Vlodcndron is 
appar<‘ntly of not less value morphoh»gicully than the form of thi‘ 
leaf-soar. And. whatever the Llodaidron vstructure implied, Ulo- 
dendroid sears had been described by M‘(’oy in a slightly moditied 
Si<»illarian trunk, running round tlu' stem instead of vertically. 

thought that they were the jdaces of aitaclimenl of rootlets. 
The jhenomena seemed to he in favour of the development of fruit- 
organs, and not of roots from the ITodendnad scars. 

The An non, in reply, remarked on th(‘ generic diRtiiictioiis be- 
tween the leaf-sears of Lepidodt ndron and S ’Kf dlartd. Tlie con.stane^ 
of leaf-sears throughout the plants hhows that there are real generic 
di.^tinetions between them. Some of the s])eeimen8 exhibited 
showed thi‘ mode of attachimmt of tlie a]>]>enditular orgaii, and 
these could not be scars of ap])endieiilar roots, because th(*y contain 
markings du(‘ aj)pareiitl 3 ’ to leaves. The particular specimen on 
which !Mr, Carrulhers mainly founded his notion of aerial roots was 
not, in the Author’s ojdiiion, Ulodendroid at all. The genus Artliro- 
described ]>y !M*Coy, was founded c)n a badly preserved coni- 
pressc'd stem. 

2. “On an almost jx'rfect Skilcton of llhythici f/if/as == Bhytina 
St elleiV Sea-cow’) olitaiiied by Mr. llobert Damon, P.G.S., 
from the Pleistocene Pcat-dexiosits on llehring’s Island.” lly 
Henry Woodw ard, LI^.D., F.ll.S., F.G.S. 


The following specimens were exhibited; — 

Recent skulls of male and female Dugong {Ualicore australis) and 
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skull of Manatus seneyalensia^ also casts of bones of the extinct 
Bhytina from Behring’s Island, exhibited by l)r. Henry Woodward, 
F.R.H., F.G.S., in illustration of his i)aper. 

A collection of plant- remains, exhibited by E. Kidston, Esq., 
F.G.S., in illustration of his pai>cr. 

Photographs of Elasmotherinm from Post-Tertiary deposits at 
Novousonk, Gov. Samara, Russia, oxliibited by Dr. Henry Wood- 
ward, F.E.S., F.G.S. 


April 15, 1885. 

Prof. T. G. Boexey, D.Sc., LL.D., F.R.S., President, in the Chair. 

John Rudd Leeson, M.D., O.M. (Edin.), M.R.C.S. Eng., 6 Copthall, 
Twickenham, Middlesex, was elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The Secietary announced that a Kit-cat portrait of the late Sir 
Henry De la Bcche, painted in oil-colours by H. W. Pickorsgill, 
R.A., had been presented to the Society by the President ; and that 
Messrs. Maull and Fox had presented 146 copies of photographs of 
Fellows of the Society. 

The following communications wore read ; — 

1. “A General Section of the Bagshot Strata from Aldershot to 
Wokingham.’’ By ihe Rev. A. Irving, B.Sc., B.A., F.G.S. 

2. “JSotes on the Polyzoa and Foraminifera of the Cambridge 
Greensand.” Jiy G. R. Vine, Esq. (Communicated by Thomas les- 
son, Esq., F.G.S.) 

[ Abstract.] 

After commenting on the want of published information con- 
cerning the Polyzoa of the Cambridge Greensand, as shown by the 
fact that none are mentioned in Mr. Jukes-Browne’s list of the fossils 
(Quart. Joum. Geol. Soc. xxxi. p. 505), the author proceeded to 
explain th(i circumstances under which he had been entrusted with 
the whole of Mr. T. lesson’s collection from the coprolite-bed for 
description. The collection is large and important, and the Polyzoa 
contained in it exhibit a facies distinct from that of the Jurassic beds 
on the one hand and of the Upper Chalk on the other. There is but 
little similarity between the collection now described and the forms 
known from Warminster and Farringdon. The majority of the 
Cambridge-Greonsand Polyzoa occurred unattached to any matrix ; 
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but several examples of attachment have been observed, chiefly to 
Ostrea^ Eadioliies, and species of Cidaris, 

A list showing the range of the species described preceded tho 
actual descriptions of the following kinds of Polyzoa and Forami- 
nifera, with notes on their relations tkc. It included ; — 


Polyzoa. 


Stomatopora gracilis, Miliie-Edw, 
Idmoiioa dorsata, Hapenow. 
Entalophora raripora, UOrh. 

Jessonii, sp. nor. 

striatoporju sp. nor. 

gigantoporn, sp. nor. 

Diastopora cretacea, Vine. 

, rar. Imeata, ^ar. nor. 

fecunda, »p. nor. 

megalopora, sp. nor. 


Liehenopora, sp. 

? pau(*i])ora, Vine. 

Droinopora stellatJi, (roldfusi>. 

polytaxis. Ilapnww. 

Osculipora plobeia, JSovall. 
Truncatula, sp. 

Menibranipora cantabrigiensis, sp. 
nor. 

Microporella, sp. (?antiquata). 
Lunulaiia crctacca, JUtfr. if* IS Orh 


Foraminifeka. 

Webbina Iffivis, iSo//c.N\ Trochammina irregularis ?, If Orb. 

tubcrculata, Sollob. Te-\lularia, sp. 


The following specimens were exhibited : — 

Specimens exhibited by tht‘ Rev. A. Irving, F.O.S., and G. R. 
Vine, Es<]., in illustration of their papers. 

Sand-worn stones from Hokitika, New Zealand, exhibited by 
W. D. CampbeU, E‘^q., F.G.S. 

Specimens illastrating the pjip(‘r lately read by" J. H. Collins, 
Esq., E.G.S., on tho llio Tinto district. 


April 29, lb85. 

Prof. T. G. Ronnet, 1).Sc., 1.L.I),, F.R.S., President, in tho Chair. 

James Backhouse, Esep, West Bank, York; Perc} Bosworlh 
Smith, Esq., Assoc. R.S.H., Govemment 3Iineralogibl to the Madras 
Presidency, Madras; and James Shipman, Esq., 8 Manning Grove, 
The Chase, Nottingham, wen* elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ On the Structure of tho Ambulacra of some Fossil Genera 
and Species of Regular Echinoidca.” By Prof. P. Martin Duncan, 
M.B. (Lend.), F.R.S., V.P. Linn. Soc., F.G.S. 
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2. “ The Glacial Period in Australia.” By R. von Lendenfeld, 
Ph.D. (Communicated by W, T. Blanford, LL.D., F.R.S., See. G.8.) 

[Abstract.] 

Although several previous writers have suggested that boulders 
and gravels found in different parts of Australia are of glacial origin, 
the evidence is vague, and no clear proof of glaciation has been 
brought forward. During a recent ascent of the highest ranges in 
Australia, parts of the Australian Alps, the author succeeded in 
discovering a peak which he named Mount Clarke, 7250 feet high, 
and in finding traces of glaciation in the form of roches moutonnees 
throughout an area of about 1 00 square miles. The best-preserved 
of the ice-worn surfaces were found in a valley named by the author 
the Wilkinson Valley, running from N.E. to 8.W., immediately south 
of Miiller’s Peak and the Abbot Range. ISTo traces of ice-action 
were found at less than 5800 feet above the sea. 

The rocks showing ice-action arc all granitic, and the fact that 
the surfaces have been polished ]>y glaciers is said to be proved by 
the great size of such surfaces, by their occurrence on spurs and 
X)rojecting points, by many of them being w^orn dowm to the same 
general level, and by their not coinciding in direction with the joints 
that traverse the rock. 

In conclusion the author briefly compared the evidence of glacial 
action in Australia with that in New Zealand. 

Discussion. 

The President said that he considered that more evidence was 
necessary in order to establish the point contended for by the 
author. All his proofs wore lbuiid('d on granite, which had a con- 
stant tendency to form rounded bobscs. The fact that the supposed 
roches moutonnfes occurred on spurs rendered ihe matter still more 
doubtful, seeing that in small glaciated tracts such surfaces were 
chiefly found iu valleys. Jt was a remarkable and, to him, a very 
suspicious fact that uo moraines or perched blocks were noticed. In 
fact the only x)oiiit of im})or1ance adduced in favour of the author’s 
view seemed to be tlie difference in the direction of the joint-planes 
and of the rounded surfaces, and this he tliouglit insufficient. 

Mr. Blanford agreed with the President, and mentioned examples 
of the occurrence, in the plains of India, where glaciation was out 
of the (piestion, of granite surfaces simulating roche^<i monf ounces, and 
of larger dimensions than tliose cited by the author. It seemed to 
him not impossible that Dr. von l^endenfeld was right; but the 
evidence brought forward was certainly not sufficient. The circum- 
stanc(‘ most in favour of a glacial tuigiii for the supposed roches 
moutonnees wuis their restriction to a particular elevation. 

3. “ The Physical Conditions involved in the Injection, Extrusion, 
and Cooling of Igneous Matter.*’ By H. J. Johnston-Lavis, M.D., 
F.G.S., &c. 

[Abstract ^.J 

The groat disproportion between the displays of volcanic activity 
* This paper has boon withdrawn by permission of the Council. 
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in the same volcano at different times, and between the eruptions 
of different volcanoes, is a subject deserving the most attentive con- 
sideration. The violence of a volcanic outburst does not boar any 
relation to the quantity of material ejected. The union of water 
with lavas may be compared with the solution of a gas in water ; 
but there is reason to believe that in their deep-seated sources lavas 
contain little or no water. If igneous matter be extruded through 
dry strata, the eruption might take place without explosive manifes- 
tations. But if igneous matter be extruded through wat(*r-bearing 
beds, a kind of dialysis would take place between the igneous and 
aqueous masses. The amount of water dissolved in the magma will 
be proportienal to the length of time it is in contact with the aqui- 
ferous strata, the pressure, and the temperature of the fluid rock ; 
the violence of the eruption will depend upon the amount of igneous 
matter, the quantity of water dissolved in it, and its temperature 
when it reaches the surface. 

The intrusion of igneous matter into dry or nearly dry strata, 
the temperature and bulk of the magma will determine whether a 
sahlband is formed, or formed and re-fused, whether the rock cools 
quickly, forming a fine-grained structure, or very slowly, in which 
the result would be a coarse granite or sy(*nite, according to the 
composition of tin* magma. 

The author shelved how the cleavage- and stratification-planes of 
rocks are suitable to the retention of subtt^rraneaTi beat. Intrusion 
of igneous matter into water-bearing ‘strata w’asthen studied, and it 
was shown that a process of di.ih.-si.s goes on betwt*en the colloidal 
magma and the water in the porous strata, re'^ulting in many inter- 
esting phenomena. The loss of heat in tlu‘ nuigma from the ab- 
sorption of water will be little, and only that nccessar} to raise tlio 
water to its own temperature. It was sbowui how this absorption of 
water will result in th(‘ nijduring of the fissure tow ard•^ tb(‘ surface ; 
and the mecbaiiisni of a ctTtain grouj) of eartlujuakes W'as investi- 
gated. The occurrence of vesicular struct ure in d} kes w’as discussed ; 
the mode of formation and probable process of re-obliteration is 
dependent upon th(‘ variation in pressure. temi)crature, Arc. result iiig 
from the enlargement of the fissure. It was then shown that the 
cooling of a dyke-mass will depend on the following conditions 

(a) Loss of heat from conduction aw'ay by tbt* surrounding 

rocks. 

(b) Kaising the acfjuired water to the mean temperature of 

the fluid of the fused silicates in which it is dissolved. 

(c) Heat-loss in consequence of expansion during exUmsion 

of fiasure. 

(d) Gnidual escape of w'ater in the form of steam oi vapour 

through fissures, so su])pl}ing fumarolos. 

(( ) Couvection-curreius of wafer forming geysers or thermo- 
mineral springs. 

The author combatted the theory that the simph* contact of the 
molten rock with wat(*r-hearing strata is the cause of an eruption. 
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The extrusion or eruption of igneous matter into the atmosphere 
was then studied, and it was shown that one of the irregularities in 
eruptive activity is due to the varying conditions which different parts 
of the magma have undergone before reaching the surface. The 
main varieties of volcanic outbursts were discussed : the violence is 
dependent upon the amount of magma and its contained water, 
which on relief of pressure expands with enormous rapidity, tending 
to reduce the whole mass to 100°. This process in explosive erup- 
tions accounts for the pumice and the vitreous structure of this type 
of eruption. The remarkable fact that the pumice-beds resulting 
from any basic explosive eruption are vitreous towards the bottom 
and become more crystalline as we approach the surface, was shown 
to be due to the slower cooling in consequence of less absorption of 
heat in converting water into steam as the eruption progresses. 

The various conditions which bring about the extinction of a vol- 
cano were then pointed out. The higher the volcano the more violent 
will be its eruptions ; but the intervals will be greater. The mecha- 
nism of a lateral outburst was then demonstrated. The amount of 
lava escaping from a given point laterally is far more than that 
contained in the chimney above, which is due to the weUing-up of 
the portion below when relieved from the pressure of the column 
that occupied the upper part of the chimney. 

The discussion of the effect of the presence of volatile matter 
in modifying the composition and structure of igneous rocks is so 
long and intricate that it is impossible to render it in abstract ; the 
crui)tive phases of Monte Somma, lloccamonfina, Monte Vulture, 
Ventoteno, and Monte IS uovo are given as examples. The difference 
of the rocks produced will depend on — 

(а) Composition of the original magma. 

(б) Prc-eruptiyc temperature of the same. 

(c) Amount of enclosed volatile matter. 

((/) Amount of pre-eruptive crystallization, 

(e) llapidity of ejection. 

(/) Height of projection. 

(<j) Temperature of the atmosphere. 

Ln the first appearance of a volcano, or the reawakening of one, 
vitreous pumiceous fragmentary products first appear, and pass by 
way of more microcrystalline pumice, })umiceous scoria, to actud 
lava outflows. Scoria differs from pumice in that the vesicular 
structure is derived from other portions of the magma, whereas in 
pumice it is formed, w^here found, by the intermolecular expansion 
and union of the resulting steam into bubbles. Ycsicularity of 
lavas depends upon the amount of dissolved water and the viscosity 
of the mass. 

Volcanic ashes are the result either of the complete reduction of 
the magma to a powder by the enormous and rapid expansion of the 
magma in explosive eruptions, or of the grinding-up of the accessory 
ejectamenta derived from the crater-sides or from accidental ejecta- 
menta that may lie beneath the volcano, and into which the apex 
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of the crater may reach. In no case can an analysis of ash give 
an accui*ate idea of the composition of the magma. 

The structure and composition of igneous rocks were next dis- 
cussed, It was shown that such minerals as amphibole, orthoclase, 
and some micas are pre-eruptivo as to crystallization, whereas leu- 
cite and its allies, with pyroxene, are either formed in dykes under 
low i>ressure or by prolonged recuit in the volcanic chimney, or after 
expulsion. The order of formation of these minerals is (juite diffe- 
rent from their fusibilities, because they may be regarded as dissolved 
in the magma, and separate according to their degree of solubility 
in the glassy magma and according to the different elements, their 
proportions, and their affinities. The part pla 5 "ed by the clilorides 
and sulphates as solvents of silicates was discussed, and it was shown 
how by their decomposition the hydrochloric and sulphuric acids 
escape in the volcanic vapour, and how the bases may aid in render- 
ing the magma more basic. These facts are borne out in the arti- 
ficial production of rocks and minerals. 

The author maintained that throughout the whole paper his 
arguments were based on known facts and physical laws. 

Discussion. 

Prof. Peestwich was inclined to agree with the author in liis 
view that the contact of heated lava wnth water-bearing strata w^as 
an efficient cause of volcanic activit} , but on some other points ho 
could not agree with him. 

The following specimens wore exhibited ; — 

Specimens of Eoliinoderms sliowing the structure of the ambulacra, 
exhibited by Prof. P. ^lartin Duncan in illustration of his paper. 


May 13, 1885. 

Prof. T, G. Bonnet, D.Sc., IJj.D., F.ll.S., l'resid(‘nt, in the Chair. 

William Horton Ellis, Esq., T.P., Hartwell Ilouhc, P(‘iinR 3 Tvania, 
Exeter, and Prof. J. Ho}es Panton, M.A., Agricultural College, 
Guelph, Ontario, were ehx’ted Eellows; and Prof. J. Gu.sselet, 
Lille, a Foreign Member of the Society. 

The List of Donations to the Library w'a^ r(‘ad. 

The Secretarj- announced that Dr. John Evans, F.U.S., F.G.S., 
had presented a copy of his photogr iphic j)ortrait. 

The following communications were read : — 

1. “On the Ostracoda of the Purbeck Formation; with Notes 
on the Wealden Species.^^ B}’' Prof. T. Rupert Jones, F.R.S., 
F.G.S. 
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2. Evidence of the Action of Land-ice at Great Crosby, Lanca- 
shire.^’ By T. Mellard Ecade, Esq., E.E.S. 

3. “The North-Wales and Shrewsbury Coal-fields.’' By D. C. 
Davies, Esq., E.G.8. 

[Abstract *.] 

After discussing the origin of Coal-beds, and the causes of their 
7 ariation in structure and (quality, the author proceeded to describe 
the North Wales and Shrewsbury Coal-field, which consists of three 
parts: — (1) The Shrewsbury field south of the Severn, exclusively 
composed of Upper Coal-measures; (2) the tracts north of the 
Severn, extending from near Oswe&tr}’’ to north of Wrexham ; and 
(3) the Flintshire Coal-field. The first and second are separated 
from each other by the alluvial plain of the Severn and Vyrnwy, 
and the second and third by ihe Great Bala and Yule faults. 

Some remarks on the scenery of the Welsh border-land followed, 
and then a general section of the Carboniferous system, as developed 
in the country described, was given, the Permian beds being in- 
cluded, as the Author considered them the upper portion of one 
great division of Palaeozoic time. The section was as follows, with 
the maximum thickness of each subdivision : — 


1. Dark rod Sandstone 

2. irton or Si. Martin’s Uoal-moasnres 

3. Bed marls with mlcareoiis matter ... 

4. Green rocks and OongloinerateB . . . 

5. Upper Coal-ineuBurcB 

t». Celti rock to CeVn coal 

7. Ceth coni to Lower ynrd-conl 

8. Lower yard-coal to Ciiwarcle coal ... 
0. Ohwarcle coal to Millstone Grit ... 


Thickness in yards. 
210 


18() o90 yards. 

12r>J 
80 ^ 


m) \ 
2/0 > 
80 I 


Coal-measures, 
065 yards. 


135 ; 


1255 yards. 


A detailed description of the strata was next given, beginning 
with the lowest, together with details of each coal-seam as worked 
in various i)arts of the field. After describing the beds from the 
Millstone Grit to the Cefn rock in the North- Wales coal-field, the 
Author proce<‘dcd to notice the Upper Coal-measures and Permian 
strata in the 8hrewsbur}’ area, and showed that no break exists between 
the two, the former passing gradually into the latter. He then 
discussed the probability of Lower Coal-measures existing beneath 
the uj)j)er beds near Shrewsbury, and showed from sections that the 
existence of the lower measures might bo anticipated. A similar 
inquiry as to the presence of the Coal-measures beneath the New 
Eod Sandstone of the Vale of Clwyd should iilso, in the Author’s 
opinion, bo answered in the affirmative. 

The organic remains found in the different beds were briefiy 
noticed, and then the faults of the district were discussed at some 

* This paper 1ms boon withdniwii by permission of the Council. 
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length. The principal faults run north and south, with an upthrow to 
the east, hut are crossed by lines of fracture running east and west. 

In conclusion, the correlation of the strata in the North Wales 
and Shrewsbury coal-fields, and especially of the coal-seams, with 
the beds found in other parts of Gteat Britain, was discussed, and 
a section was given to show the representation of the different 
measures in various coal-basins. The Author was disposed to adopt 
four subdivisions rather than three only, as usually accepted, and 
pointed out some of the characteristics of each subdivision. 

Discussion. 

Mr. Baut:km\n remarked that but little attention had hitherto 
been paid to the interesting Goal-fields described bj’ the Author, to 
whom thanks were due for the careful sections wliich he had made 
of them. Although the yield of these basins was not large when 
compared with those of the north of England and South Wales, they 
formed part of one of the largest dee})-lying Carboniferous .areas 
in the country, being the western limit of the gri'at basin under- 
lying the plain of Cheshire. He thought, liowever, that the 
Author’s correlation of the seams throughout tlie whole of the 
English Coal-field (apart from that of Northumberland and Durham) 
was somewhat fanciful. That particular seams, sa} in the AMgan 
district, could be proved to be the exact equivalents of others in 
South Wales, and that ])oth w(Te exactly represented in interme- 
diate basins, such as tin* Forest of Wyre, appeared to ))c exceedingly 
improbable. 

The following specimens were exhibited : — 

Specimens of Purbeck O&tracoda, exhibited }>y Prof. T. Ilupert 
Jones, F.ll.S., F.C.S., in illustration of his paper. 

Zinc-spinel and willemite, formed in a zine-retort, exhibited by 
H, Bauerman, Esq., F.G.»S. 


May 27, 1885. 

Prof. T. G. Bonnet, D.Sc., LL.D, F.Pv.S., President, in the Chair. 

George Ormond Kekewich, Plsq., 02 Lansdowuo Road, Netting 
Hill, W., was elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The Secretary announced that six slides of Fossil Cyclostomatous 
Bryozoa from Muddy Creek, South Australia, illustrating the paper 
in Q. J. G, S. vol. xl. p. 074, by A. W. Waters, Esq., F.G.S., had 
been presented to the Museum by J. Bracebridge Wilson, Esq., of 
Geelong, South Australia. 
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The following communications were read ; — 

1. “On the so-called Diorite of Little Knott (Cumberland), with 
further Eeraarks on the Occurrence of Picrites in Wales.” By Prof. 
T. G. Bonney, D.Sc., LL.D. r.R.S., Pres.G.S. 

2. “ Sketches of South-African Geology. — No. 2. A Sketch of the 
Gold-Fields of the Transvaal, South Africa.’’ By W. H. Penning, 
Esq., F.G.S. 

3. “ On some Erratics in the Boulder-clay of Cheshire &c., and 
the Conditions of Climate they denote.” By Charles llicketts, M.D., 
F.G.S. 

The following specimens were exhibited : — 

Microscopic rock-sections and rock specimens, exhibited by the 
Presidert, in illustration of his paper. 

Boulders, &c., exhibit ('d by Dr. Ricketts, in illustration of his 
paper. 


Juno 10, 1885. 

Prof, T. G, Bonney, D,8c., LL.D., F.R.S., President, in the Chair. 

The List of Donations to the Library was read. 

The following names of Fellows of the Society were read out for 
the first time, in conformity with the B} e-laws Sec. vi. B. Art. 6, in 
conseciuenco of the non-payment of the arrears of their contribu- 
tions;— -G. Bock, Esq., Rev. S. Gasking, and W. Low, Esq. 

Tlie following communications were read : — 

1. “Note on the Sternal Apparatus in L/uanodon.^' By J. W. 
Hulke, Esq., F.R.S., V.JhG.S. 

2. “The Lower Palaeozoic Rocks of the Neighbourhood of Haver- 
fordwest." By J, E. Marr, Esq., M.A., F.G.S., and T. Roberts, 
Esq., B.A., F.G.S. 

3. “On certain Fossiliferous Nodules and Fragments of Haematite 
(sometimes Magnetite) from the (so-called) Permian Breccias of 
Leicestershire and South Derbyshire.” By W. S. Gresley, Esq., 

F.G.S. 

[Abstract.] 

In this paper the author described certain pebbles of haematite 
and magnetite which occur in the so-called Permian breccias on 
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the western margin of the Ashby-de-la-Zouch Coalfield. These 
pebbles, which are collected for sale and used as “ burnishers ’’ (for 
which their extreme hardness qualifies them) vary from a diameter 
of inch to the size of a man’s fist. They present many 
varieties of form, usually rounded and often very smooth, angular, 
and subangular ; a few contain cavites, which are often lined with 
fibrous botryoidal ore, or contain a group of ciystals of calcite, or a 
kernel of soft pea-ore ; have sometimes an agate-like, and rarely a 
columnar structure, and occasionally exhibit well-marked magnetic 
polarity, others being simjdy magnetic. Sometimes they sliow 
dimpling, also grooving and striation resembling those produced by 
ice-action, whilst at otlur times they seem to have been crushed 
and recemented ; many of these markings are doublless due to oscil- 
latorv movement of the rocks oi 7/iasSf, Many of tlu'se pt'bbles 
contain of various kimK, ehiefiy })Iant- and iiisect-rcTnains, 

but wntb a few of Annoliils. Mollusca, and Fi<h(?). All the fossils are 
of Carbouitorous age ((Jual-iiieasures. for llie most jKirt). Amongst 
the associated rock-fragments in the breecitis many Idts exhibiting 
cone-in-cone structure occur, composed chiefly of a close-grained 
quartzose material : and a specimen showing the cones wliosc* axes 
lie in radiating lines (the cones facing upward^, downwards, and 
sideways or faii-shai)ed) has ]»een noticed for the first time. 

Prom the consideration of all tlie facts detailed in the ])apcr, the 
Author concluded tliat the nodules WM*re originally f*()mj)Ose(l of 
clay-ironstone, and that they Avere derived from the ( ’oal-ineasures, 
whilst other fragments were possibly of older date, lie considered 
that the pseiidomorphie action )>y w'hich they liav(‘ ac(juired their 
present composition must have taken j)lace in situ since tlieir inclusion 
in the breccia. 

Discussion. 

The President believed, from a study of th(‘ specimens in the 
Jermyii-Strcct Museum, that tlicre Avas no evidence of tlic action of 
ice in the Permian breccias to Avhich allusion had been made by tlie 
Author, but that the striation of the fragments, like the dimjdiiig 
and crushing in the ]>ebhles of more than one conglomerate, Avere 
due to movements of the rocks. 

Prof. IlroiiES regretted the absence of sj)ecimcn9. lie could 
not understand the identity in mineralogical character of tlic pebbles 
with fossils, and of those wdth cone-in -cone structure. 

The folloAving specimens Averc exhibited ; — 

A specimen bliOAving tin; clavicles and inter-claviclo of Jr/uanodoUf 
in situ, exhibited by J. W. Hulke, Esq., F.R.S., V.P.G.S., in illustra- 
tion of his pa]>cr. 

Palaeozoic fossils, exhibited by J, E. Marr, Eh<j., E.O.S., and 
T. liobcrts, Esq., F.G.S., in illustration of their paper. 
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June 24, 1885. 

Prof. T. G. Bohhby. D.Bo., LL.I)., F.K.8., Pwttdent, in tlie Ch«r. 

John Macdonald Cameron, Eaq., .30 Woltjo Road, Hammcramth, 
W • Matthew Heckela, Esq., Walkor-on-Tyne, near NewcautJo-on- 
1 ^ 0 ; and Robert H. Williams, Esq., Assoc. M. Inst. C.E., Cuddra, 
near St. Austell, Cornwall, were eleeted Fellows of the Society. 

The List of DonationB to the library was read. 

The following names of Follows of the Society were read out foi 
the second time, in conformity with the Byelaws, Sec. \i. B. Art. 6 
in consequence of th(‘ non-payment of the arrears of their contribu- 
tions : — C. Bock, Esq., llev. S. Oasking, and W. Low, Esq. 

The following communications were read : — 

1. “Supplementary Notes on the Deep Boring at Kichmond, 
Surrey.” By Prof. John W. Judd, F.li.S., Sec. G.S., and Collett 
Homersham, Esq., F.G.S. 

2. “ On the Igneous and Associated Hocks of the Breidden Hills 
in East ]Montgomery shire and West Shropshire.” By W. W. Watts, 
Esq., E.G.S. 


8. “ Note on the Zoological Position of the genus AlicrocTwsrus, 
Wood, and its apparent Identity with Ihjopsodas, Leidy.” By K. 
Lydckker, Esq., B.A., F.G.S. 

4. “ Observations on some imperfectly known Madreporaria from 
the Cretaceous Formation of England.” By E. F. Tomes, Esq., 

F.G.S. 

[ Abstract] 

This communication contained notes on several species of Cre- 
taceous corals. The author eoiisidorcd that Smilotroclim insiyais ot 
Duncan must be referred to the genus Ctratotrochns ; that S. yranii- 
latufi, Duncan, was founded on iiumaluro specimens of Trocliocyathus 
WHtahirci^ Duncan ; that Mkrahacia Fitfoni, Duncan, is a variety 
of Cyvlocyatlms FittonI ; that tlie genus Podoaeris, Duncan, and pro- 
bably Syzyyopliylhm^ Ecuss, are the same as lihizanyia, M.-Edw. 
and Haime, and consequently P, mamilliformls, Duncan, and P. 
e1o)iyata, Duncan, are species of Rluzauyia, He further stated that 
Turhinoseris^ Duncan, is identical with LeptopliylUn^ Ecuss, and 
as the specific name de FromenleJi is preoccupied in the latter genus, 
ho proposed to substitute the name LeptophyUia aiiylica, Tomes, for 
Turhimserk de Frommteli, Duncan. A new species, probably of 
Smilotrochus, from the Gault of Eolkstono, and a new Isastraa from 
Atherfield were described, and notes added on the occurrence in 
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British localities of Barysniilia tuberosa^ Reuss, B. Cordieri^ M.-Edw, 
and Haime, Pleurosmilia neocomiensis, E. de From., of a small form 
of Astroccniiaf and of Isastrcpa Beussiana, M.-Edw. and Haime 
(ssi Ulojihyllia crispa, Reuss.). The occurrence of Beaumontia 
Egertoni^ derived from the Carboniferous Limestone, in the Upper 
Greensand of Cambridge, was also recorded. 

5. “ Correlations of the Curiosity-Shop Beds, Canterbury, Now 
Zealand.” By Capt. F. W. Hutton, F.G.S. 

6. “ On the Fossil Flora of Sagor in Camiola.” By Constantin, 
Baron von Ettingshausen, F.C.G.8. 

The following specimens were exhibited : — 

Specimens, exhibited by Prof. J. W. eTudd and C. Homersham, 
Ebq.. in illustration of their paper. 

Rock specimens and fossils, exhibited by W. W. Watts, Esq., in 
illustration of his paper. 

Specimens of Labyrinthodont fossils belonging to Maatodousaurus 
and a form aUied to Capitosaunf^ from Central India, and of //y- 
perodaptdo7i, from India and Warwickshire, exhibited by R. 
Lydekker, Esq. 

Specimens from the well-borings at Chatham Dockyard, Crossness, 
and Ilans'ich, exhibited by the Director-General of the Geological 
Survey. 

A series of fossiliferous nodules and frjigments of haematite from 
the Permian breccias of Leicestershire and South Derbyshire, ex- 
hiljitcd by W. S. Grohley, Esq., in illustration of his ])aper, read on 
the 10th inst., when they were by accident not exhibited. 

Cretaceous Corals, exhibited b} K. F. Tomes, Esq., in illustration 
of his pax)er. 
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June 24, 1885. 

’Prof. T. G. Bonnet, D.Sc., LL.D., E.Ii.S., President, in the Chair. 

John Macdonald Cameron, Esq., 36 Woltje Road, Hammersmith, 
W. ; Matthew Heckels, Esq., Walkor-on-Tyne, near Newcastle-on- 
Tyne ; and Robert H. Williams, Esq., Assoc. M. Inst. C.E., Cuddra, 
near 8t. Austell, Cornwall, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following names of Fellows of the Society were read out foi 
the second time, in conformity with the Byelaws, Sec. vi. B. Art. 6, 
in conseciuence of the non-payment of the arrears of their contribu- 
tions ; — C. Bock, Esq., Rev. S. Gasking, and W. Low, Esq. 

The following communications were read : — 

1. “ Supplementary Notes on the Deep Boring at Richmond, 
Surrey/' By I'rof. John W. Judd, F.R.S., Sec. G.S., and Collett 
Homersham, Esq., F.G.S. 

2. “ On the Igneous and Associated Rocks of the Breidden Hills 
in East Montgomeryshire and West Shroi)shire.’^ By W". W. Watts, 
Esq., F.G.S. 

3. “ Note oil the Zoological Position of the genus Microcltxjerxis^ 
Wood, and its apparent Identity with Hyoi^sodus, Leidy.” By K. 
Lydekker, Esq., B.A., F.G.S. 

4. “ Observations on some imperfectly known Madreporaria from 
the Cretaceous Formation of England.^’ By R. F. Tomes, Esq., 

F.G.S. 

[Abstract.] 

This communication contained notes on several species of Cre- 
taceous corals. The author considered that ISmilotrochus insiffnis of 
Duncan must be referred to the genus Ceratotrochus ; that S, ymnu- 
latics^ Duncan, was founded on immature specimens of Trochocifathus 
Wilfshirex, Duncan ; that Micrahavia Fittoni, Duncan, is a variety 
of CyclocyatJius Fittoni ; that the genus Fodoseriis^ Duncan, and pro- 
bably Syzi/yoj^fhyllnm, Reuss, are the same as lihizamjia^ M.-Edw. 
and Haimo, and consequently P. mamilliformis, Duncan, and P. 
elongata^ Duncan, arc species of JRhizaayia. He further stated that 
Turbinoseris, Duncan, is identical with Leptophyllia, Reuss, and 
as the specific name de Fromenteli is preoccupied in the latter genus, 
he proposed to substitute the name LeptopliyUia anylica^ Tomes, for 
Turhinoseris de Fhvmenteli, Duncan. A now species, probably of 
Smilotrochus, from the Gault of Folkestone, and a now Isastrcea from 
Atherfield were described, and notes added on the occurrence in 
British localities of Barysmilia tuherosa, Reuss, B, Cordieri, M.-Edw. 

VOL. XLI. m 
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and Haime, Pleurosmilia neocomiensiSy E. de From., of a small form 
of Astrocoenia^ and of Isastrcea Retissiam, M.-Edw. and Haime 
{^UlophyVia crhpa^ Keuss). The occurrence of Beawnontia 
Egtrtonx, derived from the Carboniferous Limestone, in the Upper 
Greensand of Cambridge, was also recorded. 

Discussion. 

Dr. Duncan said that the specimens called Ceratotroclim by Mr. 
Tomes were not before the ISooiety, and that with one or two ex- 
ceptions the other forms remarked upon were represented by very 
indifferent specimens. The so-called Ilhizauffia had no stoloni- 
ferous part and had synapticulai, therefore it did not belong to the 
genus, but to that to which he (Dr. Duncan) had assigned the 
Hunstanton coral in the Pala?ontographical Society’s Memoir. He 
was satisfied that the types of Smilotrochns he had examined, and 
which were well drawn by De Wilde, had no columellae. He ob- 
jected to the use of the term “ imperfectly known ” in the title of 
the paper, as it retiected even upon the work of Mr. Tomes. Ho 
would have preferred M. Cottcau's term “ little known.’’ 

5. “ Correlations of the Curiosity-Shop Beds, Canterbury, New 
Zealand.” By Capt. F. W. Hutton, F.G.S. 

6. “ On the Fossil Flora of Sagor in Camiola.” By Constantin 
Baron von Ettingshausen, F.C.G.S. 

The following specimens were exhibited : — 

Specimens, exhibited by Prof, J. W. Judd and C. Homersham, 
Esq., in illustration of their paper. 

Rock specimens and fossils, exhibited by W. W. Watts, Esq., in 
illustration of his paper. 

Specimens of Labyrinthodont fossils belonging to Masto(Jo)iS((uru^ 
and a form allied to Capitosaurus, from (Central India, and of 
Hyperodapedon, from India and Warwickshire, exhibited by R. 
Lydekker, Esq. 

Specimens from the well-borings at C’hatham Dockyard, Crossness, 
and Harwich, exhibited by the Director-General of the Geological 
Survey. 

A series of fossiliferous nodules and fragments of hmraatite from 
the Permian breccias of Leicestershire and South Derbyshire, ex- 
hil)ited by W. S. Gresley, Esq., in illustration of his paper, read on 
the 1 0th inst. 

Cretaceous Corals, exhibited by R. F. Tomes, Esq., in illustration 
of his paper. 
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I. ADDITIONS TO THE LIBRARY. 

1. i^EIilODlCALS AND PUBLICATIONS OF LeAKNKD SOCIETIES. 

Presented hij the respective /Societies and Editors , if not otherwise 

stated. 

Academy. Nos. 634- GGO. 1884. 

. Nov. GG1-C)85. 1885. 

Analyst. Vol. ix. Nos. 100-105. 1884. 

. Vol. X. Nos. 106-111. 1885. 

Annals and Mapjazino of Natural History. Ser. 5. Vol. xiv. Nos. 
70-84. 1884. Pxurhased, 

K. .1. Carti*r. On the Sp(m(/ia coriacea of Montagu, = Leucosolenia 
voriacea, Bk., logt'ther A^itli a new Variety of Leucosolenia lacuuosa, Bk., 
(‘liicidating the Sj)icuhir Structure of aoine of the Fossil CalcispongisB ; 
follow* ‘d by illiLstratioiis of the Bin-like Spicules on Verticillitvs helvetica, 
1)(> Loriol, 17. — G. R. Vint*. Notes on Sixties t>f Ascodictyon and J?Ao- 
jiolonaria from the ^Venlock Shal(*s, 77. — R. Kidstt»n. On a new Species 
of Lycopodltes, Goldeiiberg {L. StocJxil), from the Calcifcrous-Sandstone 
S(*ries of Scotland, 111. — A. de Quatrefage.s. Moas and Moa-hunters, 
124, 159. -- R. Etheridge, jun., and Arthur II. Foord. On two Species of 
Alveolites and out* of Amplexopora from the Devonian Rocks of Noi'them 
(^uetmsland, 175. — P. M. Duncan and W. P. Sladi*n. The Classiheatory 
Position of Hemiaster elongatus, Duncan and Sladen : a Iteplv to a Criti- 
cism by Prof. Sven Loveu, 225. — S. II. Seudder. Triassic Insects from 
the Rocky Mountains, 254. — K. A. Zittel. On Astylospongidae and 
AnomoclnUinn, 271.— R. Etheridge, jun., and A. II. Foord. Descriptions 
of Paheozoic Corals in the Collections of the British Museum (Nat. Ilist.), 
No. II., 814. — T. Rupert Jones. Notes on the Pala'ozoic BivaU ed Ento- 
mostraca, No. XV 11. Soint* North-Ainerican Leperditice and allied Forms, 
880. — T. Rupert .Tones. NoU*s on the Paheozoic Bivalved Entomostraca, 
No. XVni. Some Species of the Entomididtn, 391. 

. . Vol. XV. Nos. 85-90. 1885. Purchased, 

P. M. Duncan, On the Classificatory Position of Hemiaster eloi\gaiu8^ 72, 

m2 
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— G, ^ndstrom. A Scorpion from the Silurian Formation of Sweden, 7(1 
vJi *1 of the Fauna and Flora of New Zealand, 

of a new Speciea of Crinoids with Articu- 
latij)g Spinei<, Rupert Jones. Notes on the PaloDozoic Rival ved 

^ntomc^tiBc^.No. XI\. On someCarhonifei*ous Specu\«< of theOsti'acodous 
wnus Airkbya^ Jones, 174, — (\ Rrongniart. On the Discovery of an 
T? t '- 4 ‘Silurian Sandstone of Jurques (Calvados), 

*'• Kidshm. On som«‘ new or little-known Fossil Lycopods from 
( arU>nift‘rou> Formation, iloT.— S. II. Seuddt'r. Ni‘w‘ Oenera and 
Species of Fos>il CvH'kroaelies from the Older American Rocks, 40S. — 
R. Kidston. Ni»tes on som»* Fossil Plants collected hy Mr. K, Dunlop, 
Airdrie, from the Lanarkshire Coal-field, 473. 

Art L nion of London. Re})ort of the Council for the year 1884. 
1884. 

Athena'iim (Journal^. Nos. 1884. 

. Nos. 2984—3007. 18N*S. 

. Parts ()78-084. 1884. 

. Parts 085-080. 1885. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Enginecr>. Transact ions. Yol. ix. l^irts 72-74. 1884. 

A. Lupton. Notes on a Ymt to some Continental Mineb, 2^7. 

. . Yol. X. Part 75. 1885. 

Basel. Societo Paleoiitologique Suisse. Memoires. Yol.xi. 1884. 
J*itrchafied. 

F. Korbv. Monograpliie des polypiers jurabdque« de la Suisse, 4^‘ partie. 
— (L Millard. Mono^raphie (le.<< in\erlebres du Purbeck du Jura. — 
11. llaa^^. Etude monographiqin^ critique de^ Braciiiopodes R]i(?tiens et 
Jurassiques de.s Alpes Yaudoises et deb contrees (‘n\ironnantes, ]< partie. 

Bath. Natural-History and Antiquarian Field Club. Proceedings. 
Yol. V. No. 4. is>'5, 

Belfast. Natural-History and Philosophical Society. Report and 
Proceedingb for 1 8^3 -84. 1 884. 

M. F. Ib ddle. On Agates, 1 i. 

. Naturalists’ Field dub. Anjiual R(‘port and Proceedings, 

18^3-84. Ser. 2. Yol. ii. ]*art 4. 1884. 

J. S. Gardner. Tiie Age of the Basalts of the North-eastAtlantic, 254. 

Berlin. Deutsche Geologische GeselLschaft. Zeitschrift. Band xxxvi. 
Hefte 1-4. 1884, 

Fr. Pfair. Zur Frage der Yeranderungen des Mw^esspiegels dutch den 
Einfluss des Landes, J. — A. Grabbc. Jkdtragt* zur Kennlnibs der Schild- 
krbbm des deut^^clien Wealilen, 17. — G. K. Lepsius. IJeber ein neues 
Quecksilber-»Seismom(‘ter und die Erdbeben im J. 1883 bei Darmstadt, 
29. — S. Nikitin. Diluvium, Alluvium, Eluvium, 37. — E. von Duni- 
kowfiki. Geologische l^ntersuchuiigen in Russisch-Podolien, 41. — E. 
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Tietze. Die Versuche einer Gliederung des unteren Neogen in den 
osterreichischen Landem, 08. — F. Sandberger. Ueber den Bimsstein uud 
Trachyttuff von Schbneberg auf dem Westerwalde, 122. — G. Giiri(*b. 
Ueber einige Saurier des oberschlesiscben Muscbelkalkes, 125. — H. Keil- 
back. Ueber postglaciale Meeresablagerungen in Island, 145. — II. Eck 
Zur Gliederung des Buntsandstein im Odenwald, 161.— -A. Jentzsch. 
Ueber Diatomeen-fiihrende Schichten des westpreussiscben Diluviums, 
1(59. — A. G. Natborst. Ueber cambrische Mediisen, 177. — E. Beyricb. 
Erliiutt'rungen zu den Goniatiten L. v. I5ucb^s, 203. — G. Rammelsberg. 
Ueber die Gr^pen des Skapoliths, Obabasits und Pbilbpsits, 220. — 
F. Scbmidt. Einige Mittbeiluiigen liber die gegenwai-tige Kenntniss der 
glacialen uud postglacialen iiildungeii im siluriscben Gebiet von Ehstland, 
Oesel und Ingermanland, 248. — V. Ublig. Ueber die Diluvialbildungen 
b(‘i Biikowna am Dnjestr, 274. — 0. Stacbe. Ueber die Silurbildungen 
d(u* (Jstalpen mit Jiemerkuiigen iiber die Devon-, Carbon- und Perm- 
Scbicliteu dieses G<*bietes, 277. — K. Dalmer. Ueber das Vorkommenvon 
Culm und Koblenkallc bei AVildenfels unweit Zwickau in Sachsen, 370. — 
C. VV. von (Uimbel. Ueber die Bescbatfenheit der Mollusken-Scbalen, 
380. — J. Felix. Koralleu aus agyptL^chen Tertiarbildungen, 415. — ^E. 
Jlolzapfel. Ueber tliiigt* wiclitige ^lolluslom der Aacbener Kreide, 454. 
— A. Wiclimanu. Uc'ber Gesteiut* von Labrador, 485. — E. Xoken. Ueber 
Fisch-Otolithen, insbesond(‘re iiber diejenigeii df‘r norddeutscbcn (')ligocan- 
Ablagerungen, 500. — F. E. Cbduitz. Ueber die Fauna de^ Dobbertiner 
Ijias, 5(50. — A. SeecJf. B(dtrag zur Kenntniss der grauitisclien Diluvial- 
g(i8cluebe in den Provinzon Ost- und Westpreussen, 584. — G. Vom Hath. 
Einige Wabrnelmniiigen kings der Xord-Paeifie-Bahn zwiscben Helena, 
der llaupistadt Montanas, und den Dalles (Oregon) am Ostabbange des 
Kaskaden-Gebirges, (529. — A. ^ on Groddeck. Zur Kenntniss der Zinuerz- 
lagerstiitte des Mount Hisehoff in Tasinanien, (542. — F. .1. P. van Calker, 
lieitriige zur Kenntniss des (ironinger Diluviums, 713. — G. Bdlim. Bei- 
trage zur Kcuintniss der graueii Kalk in Veuelien, 737. — 11. Vater. Die 
fossileii Iliilzerdcr Phosphoritlager des [lerzogthums Braunschweig, 783. 
--F. E. Geiiiitz. Ueber ein Graptolitbon-fuhrendes Gescbiebe mit 
Cf/athaspis von llo.slock, 8.‘>4. — C. JO. Weiss. Ueber den Porpbyr mit 
6og<*nnunter Fluidal-Slructur von Thai im Tbliriiiger Wald, 858. — 
J. G. Borinuiiaiin, sen. Cpvhpelta Wniferiy eine Bryozoe ana dein Eifeler 
Mitteldovon, 8(54. — G. Berendt. Ivivide und Tertiar von Finkenwalde 
bei Stettin, 8(5(5. — C. (lOttsclie. AuHindung cambriscber Scliicbteii in 
Korea, 875. — Iv. Dalmer. Ueber den Kublenkalk von Wildenlels in 
Sjicbsen, 87(5. 

Berlin. Deutsche Goologisclie (Jcsellschaft. Zeitschrift. Bandxxxvii. 
Heft 1. 1885. 

Branco. Ueber die Aiifangskammer von Bactrites, 1. — A. Becker. 
Schmelz versuche mit Pyroxeneii und Ampbibolen und Bemorkimgen 
iiber OlivinknoUen, 10. — F. Freeh. J)ie Koralleufauna des Oberdevons 
in Deutschland, 21. — T. Fuch^. Die Versuche einer Gliederung des 
uuteri'n Neogen im (Jebiete des Mitttdmeers, 1.31. — M. A^erworn. Ueber 
Patellites autiquus, Scblotli, 173. — G. de Geer. Ueber die zweite Aus- 
breituiig des skandinaviseben Landeises, 172. — IC. Kajiser. Lodanella 
miraj eine imterdevoniscbe Spongie, 207, — E. Koken. Ueber Ornitho- 
cheims hilsemis, Koken, 214. 

. Koniglich-Preiissischo Akadcmie der Wissenschaften. Sit- 

zungsberiebte, 1884. Nos. 18-54. 1884-85. 

II. Bucking. Ueber die Lageriiugsverbultnisse der alteren Schichten 
in Attika, 935. 
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Berlin. Falteontologische Abhandlnngen. Band ii. Hefte 2 & 3. 
1884. Purchased. 

H. Graf 2 u Solms-Laubacb. Die Coniferenformen des deutsclion 
Kupferscbiefers imd Zecbsteins (Heft 2). — W. Dames. XJober Archaeo- 
pteryx (Heft 3), 

, . Heft 4. 1885. Purchased. 

F. Notling. Die Fauna der baltiscben Oenoman-Gescbiebe. 

Birmingham. Midland Naturalist. N. S. Yol. vii. Nos. 79 & 8 (h 
18b4. Presnited ?))/ ]Vm. Whiial^er^ ^^ 7 ., F.(r,S. 

H. Peaixro. Ice Action in the Valle\ of the Ai tro, 11>7. 

Birmingham Pliilosophical Society. Proceedings. Yol. iv. Part 1 
(J>Sl S4). lbS4. 

W, Mathews ^fodeni (h‘ological Prohhm^, 1. — T. Turner. .\n 
Anah'^i- < f Water fmm Salt Welk near DtidleN, .‘W. — TI. W. (’r(»sskt‘}. 
Nt)te en Ic* -marked Huildei^, illu'-tratinir the(in)f)U‘d Bloek^J t»f Kowlev 
Hill, ♦»Sk F. W. ^lutln. The < ie.legieal S**ctit»n alone the We^t 
Suburban ltail.va\ from Ihnninghnm to Km/** Xoiton. 2o7. 

Ik»rdeiin\. LiimcVuiu*. A<t 4 ‘N. Vol. wwii. (Serie ), 

Tome \iv.h 

ll. Arnaud. Hiiuit ^ j..ati<tue-. s-ui la craie dii "ud-ont *«-t . ProhK gt^o- 
logi»pi* ^ (h (dieiniiis (h u r dt >joimc a Sailat » t (1» IN riuueuv a liilx^rac, 
. 34 . — K. Ik iioi-t. Lt ' Xtnt<i<'ffw fn-sl» " (h terrains teiti/nr**s nn/yns 
du Mid-oin >t (If la Fr.inc* . - 11. Ik must. ( )hst r\atioiis ei.olojjqucs 
resultant du f i<ii:e <run puits aii» d< n, cln / M. Hiiol, a Li stiac, \ii.- 
E. Ikiioist. Lt •. huiio s fo-sih s d(.s. t» nuiri*' teitiaiits nmyiis dt 
rAquitaine, AM F. lk*n**ist Note sur um* couela laciistn^ ee an 

Plaiita, (•oniiiiiiiX‘ d* >,tint-Mordlon, wii. Ik Ik noist. Note ^ul qu<‘lqia\s 
coiinei' ^(‘le^et•- auv eiiMioiis de Ikrg* iac% xwiii. — I'k Jknioivl. C'omptt*- 
renaii geoloirique de rexcuision IrhmMiulle lait* a ('iton-(\'ii.ie, wwiii. 
— E. llenoist. (\)in])te-reiidu g«'ologique dt* roxcuisioii de Frunsae, 
xxxix. 

Boston. American Academy of Ails and Sci(‘ii(*cs. Proceedings. 
N.S. Yol. xi. 1883- S4. 

S. II. Scudder. The fo'^sil White Ant^ of Colorado, J3‘l. 

Boston Society of Natural Historv’. Memoirs. Yol, iii. Nos. 8, 9, 

10. ]S^4. 

8. II. Scudder. Tu(» new iuid di\erM Tvpe^, of Carboniferous M>Tia- 

S )ds, 283. — S. II. Scudder. The Speeifs ol MijUu n.s, a C.iiboniferou^ 
enus of Coekroache'j, 299. 

Proceedings. Yol. xxii. Pari 2 ( 1 882-83). 18S3. 

M. E. Wadsworth. The Argillite and Conglomnate of tlie Boston 
Basin, 130. — A. A. .Julien. The Duiyte-beds of North Carolnia, 141. 

T. N. Dale. A Contribution to the Geology uf Dbode Island, 179.— 
M. K. Wadsworth. Some Instances of Atmospheric Action on Saini- 
fltone, 201. 

Part 3 (1883). 1884. 

A. Hyatt, (tenera of Fossil Cephal()])()ds, 253. 
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Brisbane. Eoyal Society of Queensland. Proceedings. Vol. i. 
Part 1. 1884. 

E. Palmer, Hot Springs and Mud Eruptions on the Lower Flinders 
River, 19. — C. W. De Vis. The Moa (x)ww)mw) in Australia, 23.-*- 
J. Falconer. Water Supply: Springs and their Origin, 28. — F. Wall- 
mann. Pseudomorphism in Mmerals, 32. — C. W. De Vis. Ceratodus 
Forsteri Post-Pliocene, 40. 

British Association for the Advancement of Science. Report of the 
Fifty-fourth Meeting, 1884. Montreal. 1885. 

T. Rupert Jones. Second Report of the Committee on the Fossil 
l*liyllopoda of the Palaoozoic Rocks, 75. — 0. E. De Ranee. Tenth 
Report of the Committee appointed for the pui’pose of investigating the 
Circulation of Undergrouna Waters in the Permeable Formations of 
England and IVales, and the Quantity and Character of the Water sup- 
plied to various Towns and Districts from those Formations, 90. — G. R. 
Vine. Fifth and la^^t Report of the Committee appointed for the purpose 
of reporting on Fossil Polyzoa, 97. — Twelfth Report of the Committee 
appointed for thi‘ purpose of recording the Position, Height above the 
Sea, Lithological Characters, Size, and Origin of the Erratic Blocks of 
England, AVales, and Ireland, reporting other matters of interest con- 
nected A\ith the same, and taking mea»ureh for their Preservation, 219. — 
W. Topley. Report uptjii National (leological Surveys: Part I., Europe, 
221. — C. lil. ])e Ranee and W. Topley. R(‘})ort of the Committee 
appointed fcn the purpose of inquiring into tlie Rate of Erosion of the 
Sea-coasts of England and '\^h^le^, and the Influence of the Artificial 
Ab>tracti()n of Shingle or other Material in that Action, 238. — J. W. 
Davis. Fourth Report of the Coininittee appointed to assist in the Ex- 
ploration of the Ra} gill Fissure in Jiothei’sdnk*, Yorkshire, 2 10. — .T. Milne. 
Fourth Report of tin* C^oininittee appointed for the purpose of investi- 
gating the Earth([iiake Pht'uomena of Japan, 24L.~T. G. Bonney. On 
the Archa3an Rocks of Great Britain, 529. — II. S. Poole. Note on the 
Internal Ttunperatui’e of th<‘ Earth at West^ille, Nova Scotia, (»44. — 
W. T. Blanford. Ih’osidential Address to Section 0, Geology, (>91. — 
E. Gilpin, jun. Results of the past Experience in (Ldd Mining in No\a 
Scotia, 711. — F]. Gilpin, jun. A (N)ni]»ari.sitn of the Distiuctho Features 
of Nova-Scotian Coal-lields, 712. — 11. A. Buddfui. On the (^oals of 
Canada, 713. — 1). lionet man. On the Geidogy of Halifax llarbt)ur, 
Nova Scotia, 714. — J. 11. Panton. Gleanings from Outcrops of Silurian 
Strata in R(‘d Ri^er Valley, Manitoba, 715. — G.C. Bro^^u. The Apatite 
Deposits of the Pro^inc<‘ of (^uebt'c, 719.- D. Adams. On the C)cciir- 
rence of the Norwegian “ Apalithiinger ” in Canadi, with a few Notes on 
the Mici\)scopic Characters of ''onie Laiuvntian Amphibolitt's^ 717. — 
L. W. Bailey. On tht* Acadian Basin in Aiinu-ican Geology, 717. — E. W. 
Claypolt*. lk3niiN} Ivania before ami after the Kle\ atioii of the Appalachian 
Mountains, 718. — J. S. Newberry. Phases in the E\olution of the North 
American Continent, 719. — II. (\ Lewis. Marginal Karnes, 720. — 11. 
Miller. On Fluxion-Structure in Till, 720.— A. R. C. Sehyvii. On the 
Glacial Origin of Lake Basins, 721. — U. Richardson. On IVnnts of Dis- 
similarity and Ih'semblance b(*twe(‘n Atadian and Scottish Glacial Beds, 
722. — W. F. Stanh'j. On the Improbability of the Theory that former 
Glacial l*eriods in the Northenui Hemisphere were due to Eccentricity of 
the Earth 8 Orbit and to its Winter Perihelion in the North, 723. — E. Hill, 
On Ice-Age Theories, 723. — J. S. Neu berry. On the recent Discovery 
of new and remarkable Fossil Fishes in the Carboniferous and Devonian 
Rocks of Ohio and Indiana, 724. — J. IlnU. On the Fossil Reticulate 
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Sponges constituting the Family Dictyospongidae, 725. — J. Hall. On the 
LamSlibranchiate Fauna of the Upper Ilelderberg, Hamilton, Portage, 
Chemung, and Oatskill Groups (equivalent to the Lower, Middle, and 
l^per Devonian of Europe); with especial reference to the Arrangement 
ofthe Monomyaria and tne Development and Distribution of the Species 
of the Genus 'Zeptodesmay 720. — T. Sterry Hunt. The Kozoic Rocks of 
North America, 727. — J. F. Blake. First Impressions of some Pre- 
Cambrian Rocks of Canada, 728. — J. D. Dana. On the Southward 
Eliding of a gieat Synclinal in the Taconic Range, 720. — II. J. Johnston- 
La^is. Notice of a (Teological Map of Monte Somma and Vesuvius, 
7^10. — W. Wliitaker. Tlie Value of detailed Geological ^laps in ndation 
to Water-supply and other Practical Questions, 731. — V. Ball. On the 
Mode of Occiirrtmce of Precious Stones and Metals in India, 731. — 
C. Le Ne\ e Fo.>ter. What is a Mineral Vein or Lode ? 732. — G. K. 
Gilbert. l*lan for the Subject-Bibliography of Nortli-American Geolog}’^, 
732. — E. W. Claypole. On some Reiuain.s of Fi^li from the Upper 
Silurian Rocks of 1 Vnnsyh ania, 733. — O. 0. Mai\*'h. On American 
Jurassic Mamunil^, 734. — T. Rupeit Jone.s. On the Geology of South 
Africa, 730. — Sir W. Dawson. On the more Ancitmt Land Floras of 
the Old and New Worlds, 738. — J. S. Gardner. On tln^ Relative Ages 
of the American and the English Cretaceous and hiocene Series, 73i). — 
E. Wethered. On the Structure of English and Ameincan Carbonif(*rou.s 
Coals, 741. — A H. Mackay. A preliininu-y Evamin.ition of the Siliceous 
Organic Remains in the Lacustrine Deposits of the‘ I'rotince of Nova 
Scotia. Canada, 742, — G, F. Matthew. Tlie Geoh>irioal Age of the 
Acadian P'auua, 742.- -G. F. 3lattliew'. The Priiniti\e Conocoiwphean, 
74*3. — P. Hallett. Notes on Niagara. 741.— O. (.\ Marsh. On the Classi- 
hcation and Affinities of Diuo.saurian Reptiles, 7(53. 

Brussels. Miiseo Royal d'Hi.stoire NaturoUe de Belgique. Bulletin. 
Tome iii. (188 1). Nos. 2 4. 1SS4. 

A. Renard. Notice sur la composition mimh’alogique de I’arkose de 
Haybes, 117. — L. Dollo. Ciuquieme Note sur les J linosaui’iens de Ber- 
nissjart, 12lk — li. Dollo. Premiere Note snr le ^imcedosaurien d’Erque- 
linnes, 151. A. Renard. Recli(‘rclieh sur la conipt>sition et la sti iiclure 
des phOiades aideiinais, 231. — J. Pur\es. E-'qui^st* geologique de I’lle 
de Amtigoa, 273. 

• Societe Roy ale dcs Sciences de Liege. Mt'moires. Supple- 
ment au Tome x. 1883. (4to.) 

Buckhurst Hill. Essex Field Club. Transactions. Vol. iii. Part 8. 
1884. 

N. F. Robarts. Notes on the London (lav and Bagshot Bt‘ds at 
Oakhill Quarry, Epping Forest, 231. 

Budapest. Magyar Foldtani Tarsiilat [Geological Society ). Fold- 
tani Ko/lony. Kotet 4 (1874). 1874. 

F. Posepny. Geologisch-montanische Studio der Erzlagerslatttm von 
R^zbdnya in S.O.-Ungam, 1. 

. . Kotet 9 (1870). 1870. 

J. Bockh. Szor5nvmeg^ye d^li ri^^az^re vonatkozd geologiai jegyzetek, 1. 
— L. Maderspach. iTj ezinkdrez fekhely Gomdrbcri, 31 . — Malyosovszkv. 
A Glenodictyum egy uj lelhelye Erddlyben, 32. — J. Bockh. Auf den sud- 
lichen Theil des Comit. Szoreny bezugliche geologische Notizen, 05. — L. 
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Roth. A rdkos-ruszti hegyvonulat a Lajtahegyseg d41i r^sz^nek geolo- 
giai vazlata, 99. — J . Sturzenbaum. Mosonymegy^ben eszkozolt geolo^ai 
fblv^tel 1878 ban, 111. — M. Staub. Carya costata (Sternb.) Unger, a 
magyarhoni fossil floraban, 116. — B. Winkler. Urvolgyit, egy uj rezasv^y 
Urvolgyrol, 121. — A. IMch. Az Urvolgyon tort^nt ujabb feltarasokrol, 
125. — S. Schmidt. Kristalyos Tetraedrit Rozsnydrdl, 127. — L. v. Roth. 
Geologische Skizze des Kroisbach-R aster Bergzuges and des siidlichen 
Theiles desLeita-Gebirges, 139. — J. Sturzenbaum. Geologische Aufnahme 
ini Comitate Wieselburg im .Tahre 1 h 78, 160. — M. Stanb. Carya costata 
(Stbg.) Unger, in der ungarischen fossilen Flora, 166. — B. v. Winkler. 
Urvolgyit, ein neues Kupfermineral von Ilerrimgrund, 156, — L. Mader- 
spach. Eiiie neue Zinkerz-Lageistatte im Gcimorer Comitate, 159. — J. v. 
Matyasovszky. Ein neuor Fundort des Glenodictyum in Siebenbiirgen, 
160. — A. P4ch. Neuere Aiisriclitungen in deni llergbaue von Herren- 
grund, 162. — A. Schmidt. Kry.stallisirter Tetraedrit \ on Rosenau, 164. — 
K. Hofmann. Jelent^s az 1.^78 nyaran Szilagymegye Keleti r^szdben 
tett foldtani r6szletes felv^telelirol, 167. — J. Sturzenbaum. Az ardoi 
c-zinkt^rcz-fekhely geologiai ^iszonyairol, 213. — J. Sturzenbaum. A demoi 
kosseui retegekrol, 217. — K. Hofluann. Bericht uber die im ostlichen 
Tlnnl des Szilagyer Comitates wahrond der Sommereampagne 1878 voU- 
fiilirten geologischeii Specialaufiiahmen, 231. — J. Sturzenbaum. Ueber 
die geologischeii Verhaltnishe der Zinkerz-Lagerstattt' bei Pelsocz-Ardo im 
Gdniiirer Comitat, 283. — J. Sturzenbaum. Kossener Schicliten bei Demo 
im Toma*'!’ (^imitate*, 287. — J. Matyasovszky. Jelente> az 1878 4vben 
Szihigym<*g}eben eszkozolt loldtJini felv^tehdl, 293. — J. Szabd. A Num- 
mulitkeplet viszon^a a Trachythoz Vihnyen Selraecz mellett, 301. — L. 
Rotli. Adatok az Alfold altalajaiiak i-^meretdhez, 312. — T. Posevitz. 
Szoidny megyei erupti\ kozetek, 317. — J. v. Matyasovszky. Bericht 
uber geologische Detailaufnahmeii im Comitate Szilagy im Jahre 1878, 
332. — L. V. Roth. Dat(m zur Kenntniss des Untergrundes im Alfold, 
341. — T. Pose-vNitz. Ueber Eriiptivgeateine vom Comitate Szordny, 347. 
— V. Leg(‘za. Granat ^oii Uj-Kemeueze, 3()4. — B. Inkey. A boiczai 
drczteldrek mellekkdzeterdl, 364. —il. Stern. Nebany szorenymegyei 
kozet petrograpliiai mogliatarozasa, 37(5. — G. Primics. A Ilargita djszaki 
nyulvanyanak, nevezete.^eii Be^zterczevblgye, Tiha\blgye, Ilenyul ds 
Sztrimba eruptiv kozideinek petrograpbiai vizsgalata, 382. — F. Sclia- 
fnrzik. Diabas Dobojrdl Boszniabaii, 393. — J. Beriiatli. Magyarhon 
abvanyvizi terkdpe, 399. — F. Scbafarzik. Szilard ds folyekony zarvanyok 
asvanyokban es Kozetekben, 401. — K, nofmanu. ]Megiegyzd>ek trachy- 
tanvagnak a liazai d-barmadkori lerakddasokban vjild eldfurdula^ara, 406. 
-~B. V. Iiikey. Ueber das Nebeuge^tein der Erzgange von Boicza in 
Si(‘benburgen, 426. — II. Stern. l\'lrographische Beslimmung einiger 
Gesteine aus dem Comitate Szdrdiiv, 433. — F. Scliafarzik. Diabas von 
Doboj in Bosnie i, 439. — Szabd. Uas Yerlialtiiiss der Nummulitforma- 
tion zum Tracbyt bei Vichnye (Kisenbach) iiuclist Sclieiiiiiitz, 442. — 
G. Primics. IVtrographisclie Unlersucliiuig der eruptiven Gesteine des 
ndrdlichen Hargitazuges, insbesondcre des Bistritz und Tibatbales, des 
Henyul und Sztrimba, 466. — J. Bermith. IMineralqiiellenkarte Ungams, 
Feste und tliissige Einscliliisse in ]\liueralien und 
Gesteinen, 469. — K. Hofmann. Bemerkungeu uber das Auftreten tra- 
chytiscben Materials in den ungariscb-siebenbui’gischen alttertiaren Abla- 
gerungen, 474. 

Budapest. Magyar Foldtani Tarsulat [Geological Society]. Fdld- 
tani Kozldny. Kotet 10 (1880). 1881. 

J. Matyasovszky. Arvizlecsapohlsi kisdrlet egyelnyelo artdzi kiit altal, 
1. — T. Fuchs. A fdldsdgel szabalyos alakjai'dl, 7. — J. Szabd. Calcit- 
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pseudomorphos^ Mih^lytdrn/ibol Selineczen, 12. — B. Inkey. Rgv feltuno 
Tonas Nag’y^ vid^k^nek douiborzatabaUf 10. — J. v. MatvasovszKy. Ein 
J^twasserun^sversiicli niittel8t negativer Brunuen^ 10. — !r. FucIih. Uebor 
die TegeluiHusi^ Gestalt dor Oontiiienle, 28. — J. Szabd. IJeber Calcit- 
Paeudomorphosen ausdem Michaeli-Stollen in Scheinnitz, ii2. — B. v. Inki'y. 
I eber eine auifallende lk*r^furm in der Um^ebiiiig von Nagfyag’, J17. — 
M. Hautken. A bnda-\iddki d-harmadkori kdpzddmdnyek, 41.- P. 8cha- 
farzik. ft>ldri*nprd<ek 1 K'l-Majjryarorszap'on ds a szomszddos teruleteken 
1H79 Oktdber ICKdtol IKH) inarc/ins l-ijr» dO. — .V. Prauzenau. Epry uj 
lelhelyu kt4 a.Hvanyrfd, 7t). — M. Ilantken. Die alttertifiren Bilduiifren der 
I uigepend von Oten, — P. Sehal*ar/ik. Das Krdbeben in Sud-l njrurn 
und den ansrreuzenden Lundt^rn. 10 Gctober 187*0-10 April 1880,01. — 

A. Fianzenau. VelxT zwei Minendieii tines neu«‘n Pundortes, 110. — 
L. Roth. Adatok az Alfidd altalajanak ismeretehez, 121.- G. IlalaMiN. 
Adatok Szdrdu}ine|rve foldtani \ iszoin ailn^z, 101. — A. Kocli. A C/ib](‘.s 
ds 01^hlapv.)sl)anya viddkt‘ zdldkoando^itjtint'k lij ptdri**.^*!!})!!!!^ '\iz>pilata, 
108. — L. V. Doth. Daten ziir Keniitiii'-.s dt‘s rnteiOTimies iin Alfold, 147 . 
— J. Halavals; Ziir iroolo^ist*h»‘n Kcimtiiiss des S/t»ren\t‘r Comitates. 

— A. Kocli. Petroirraphisflie rntersuciiun^^ dor traefi}tisehen Gesteine 
des Czibles imd a on Olalilapo-baiiya, l(>t5. — .V. Koch. Kotina ^ithd{e 
tracln t-csaladhoz tartozd ki»zett‘ineiv iij peiro< 2 rraphiai \ i/sofjilata. 177. — 
II. Stem. S/ordnymogyti eriipti\ ko/t‘teKrol, l('^7. — .1. Bernatli. Ih’ddly 
kouyhasd-^izei, 20(>. — L. N.i<ry. Adatok a do)>sinai I)ioiiti'<»I, 217. V. 
Koch. None petroiriaphi.selit* (iitersiichun|if d(‘r tiach\tisciien tie'-teine 
der Gecrend ton Kodna, 210. — H. Stern. P.ruptiN ^n'suine aus dein 
Comitate Szoreiiy, 2*{(). — J. Kornath. Dit^ Kotiisal/wassio* in Sit‘bt‘n- 
burpren, 244. — K. llotmanii. Biida \id<kenek iieintiv d-htirmadkori 
kepzoddserdl, 21d. — (i. llahuats. A ;»oliibac/.i (S/.«ri)ia) nieditt'rran 
fauna, 20.‘1. — P. Schafar/ik. A “ C.H*rhat ’’ D N\i ^eJ•enek t'rujdiv- 
kozetei, 20.j. — K. Hofmann. I ebtu* einipre alttertian' Kildunireii tier 
Umirebunfr von Oten, dlO. — J. Ilahnats. Die mediterrane Patina \on 
Golubatz in Serbi«*ii. .‘574. — P. S -hatarzilv. Die i ruptiven Gesteine (l<‘r 
siidwestliclien AushiuhT de' Cserhat-( iebh'toH (N.rs.G. von Budapest), 
877. — L. Nag}’. D.itm iibar d‘*!i Jhorit ^on Dubscliau. 10.‘5. 

Budapest. ar Poldt'ini Tarsu]<'t j (it*o]ogifal Society |. Fold- 

tani Kozlony. Kotet ll(18sl). l^^J. 

G. IIala\ats. A inag^arhoni nit‘diteiTan retegekb«*n elofnrduld conu- 
sokrdl, 1. — M. ^t.iub. AdaleK a S/* keh fold fos..)! tlouijalioz, — L. K’otli. 
Adaldk a szekelylbldi net>g» ii <'(h>s^i/i If-rnKddasok limiiajanak isini‘relelie/, 
13. — B. Inkey. A zagrabi e\i lblrlreij‘’es Ibrgatasi tunt'mt'Jiyeirol, 

24. — A. Fraiizenuu. Adatoka rakosi ( Biitlaj>t‘st ) f« Iso inedittTran enaiet 
foraminifera laiiiiajahuz. .‘>1.— J. Ilalatats. I eber die VerbrtMtung dt r 
in den Mediterran-Scbichh-n \on Cngarn voi]vomm«‘nden Ct)nus-ld)inien, 
.50. — M. Staub. Bcitrage zur fossHen Plora d«‘S Szeklerlanth's, oH. — 

B. V. Inkey. l^eber Drebimirserscheinungen beini Eiclbelion von Airnim 
1880, 70. — A. Franzeriau. Beitnige zur Ft)raniiiiifent-Pauna tier Kakostu* 
(Budapest) Ober-Medit<*rraiJ Slide, 8.*}. — .J. Biulai. \f]at(»k a Hargita 
d^li reszenek pelrogi-ajjhiajahoz, 100.- S. Roth. A Jekelfahids Doh.siimi 
diallag-scTpentin leirasa, 120. — A. Steiner. A karpiiti homokkti kuionhozo 
szinenek okairdl, 124. — G. I lalavats. A ' /»k\ a ht‘gy.st*g foldtani vi.szonyai, 
182. — ^J. Bernatli. Pgy balaton parti foldsulyeth srol, 187.- (k GuckltT. 
A Varallyan eldforduld asvanyv izekrol, 1 10. S. Koth. D«‘r .Tekelsdorfer 
und Dobhchauer Diallag'-Serpentin, J42.- A. Steiner. Utijer dit' LFrhaehtMi 
der verschiedenen Parbe den Kaqiathen Handsteiut^s, 140. — V. Guelder. 
Daten zu den VaraUyaer Minerals uellen, 154. — L. Loezy. Utazasi jegy- 
zetek Javart)!, 101. — B. Ink(‘y. iJti jt*g}’^z<*telc az erdtdyi d<di hatarliegy- 
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s^gbol, 172. — A. L. Cserey. Az i^lit elegyr^szeinek vegyelemz^se, 
17(5. — G. Primics. Adatok Bosznia Kozettani ismeret^hez, 184. — ^B. v. 
Inkey. Reisenotizen aus dera siidlichen Grenzgebirge von Siebenbiirgenj 
190 . — G. Primics. Zur petrograpliischen Kenntniss von Bosnien, 195. — 
J. Ifalavats. Die geologisclien V«rhaltnisse des Lokva-Gebirges, 200. — 

I. Bernath. Ueber einc Bodensenkung am Ufer des Plattensees, 205. — 

J. Szabo. A trachytok makiografiai osztalyozasa, 209. — M, Staub. 
N(>v<?nyek Krasso-Szorenymogve mcditerran r^tegeibiil, 219. — L. Roth. 
Fiildtaiii felvetel a Lajta-liegysegben, 225. — J. Maiyasovszky. Foldtani 
folvotel 8zilagyiuegyellen 1 881 , 251 . — J. Boclvh. Az 1881; 6vben Krasso- 
Szor^nymegy^boii vf*gz(4i felv(}telre voiiatkozo geologiai jegyzetek, 283. 
— K. Hofmaiiii. JeltMitos az 1881-ild tVben az ejszaknyugat erdt^lyi hata- 
rliegysc'^gboii kornvekc^ii tett Ibldtaiii reszletes felvetelrol,' 244. — L. 
Lajos. A promoiitori 1 )uiia-meder-kotras geologiai eredm^nyei, 255. — 
J. Szabo. Classilicjitioii inaorographique des trachytes, 258. — M. Staub. 
Pfiaiizeii aus deii ^lediferraiischicht^m d(“>: Krasso-Szoreuyer Komitate^^, 
2Gs. — L. V. Loezy. Roi'-eiiotizen aus Java, 274. — L. v. Roth. Geolo- 
gischo Aufnahme im Leitlia-Gebirge, 2^0. — J. v. Matyasovszky. Bericht 
liber giMjlogische AufnabmNar])eitt‘ii im (\)mitati‘ Szilag\% 1881, 204. — 
J. Biidai. Zur Potrographie d(‘r Midlicluui llargita, 290. — J. Buekh. 
Geologische Notizeii von dor Aiifnahiii(‘ des Jahres 1881 im Comitate 
KrasM)-Szureuy; 508. — K. Hofmann. Bericht libcr die im Nordwest- 
siebenbiirgisclieii (Irenzgebirge und Umgebiing im Jahre 1881 ausge- 
fiihrleu geologisclien Specialaiifnahmen, 517. 

Budapest. IVlagyar F(ildtaiii Tarsulat [(ieological Society ]. Fuld- 
taiii Kozldny. Kdlet 12 (18S2). 1882. 

L. Lajos. Geologiai j(‘gyz(‘t(di KrasMi-inegve t'^jszaki r6szebdl, 1, — 
F. Scliafarzik. A Bojana-liu'-zka kiinneke neliauy eruptiv Kbzeteiiek 
pidrographiai taimlmainozitsa, 21. — H. Sztereiivi. vSelnieezi es matra- 
licgysegbeli goinbos es spliaiTolithos trachytok, 51. — G. Petho. A 
coqiiaiKUSeiiise.v»rele bslonytani gyutteiiKhivrol, 8] S. Roth. A tunna- 
liinijik (‘gy iij Ou iiioliehc niagyarorszagoii, 84. — J. Matyasovszky. A 
sajomelleki .s/,entelep('k, Kivabi tekintettel a ])ar<) Rad^anszlvy-fele kazai 
uradalom teruletcn foltait .szmiitdepekre, 8.*>. — (1. llala\ats. Feheh’lem- 
plom-Kiibin Kornyf'kenek foldtani Aiszonyairdl, 91. — T. Szontagh. Az 
“Aesculap Bitter Water (kunpany, Ijiinited, London,’' cz^g Kelenfiildi 
(LiidaiJ Kutjairdl, 99. — G. Petho. A Sphaerulit-Kegylok sarokpantjaiiak 
felfedczeserdl es beLd szervezetiik egyi'b reszeirdl, 104. — J. Szabo. A 
kapnikbanyai llelvitrdl, 111. — J. A. Kreuiior. A rezbanvai Dioptasidl, 
112. — F. Scliafarzik c5s 'L. Szontagh. Az aguitaii eniclet eldfordula^a 
Szohh videken, 114. — J, Felix. A mag;t^arorszage fa-opalokrdl, 115.-- 
J. A. Kremier. A litliium-sniaiagdrdl, 117 . — Ij. a*. Ldczy. Geologische 
Notiz(m auH diun nordliclu'n Theile des Krussiior Comitates, 110. — F. 
Sclialarzik. Ib'ber dii* ])i‘trogTa])hisclu' Besehallenhoit einiger Eriiptiv- 
Gesteine der Umgebung der Pojaiia-lJiiszka, 158. — J. Ifahnats. Ueber 
die geologisclien Verb a Itiiisse der Cmgegend Aon Folithlempion-Kubin, 
14‘i. — T. Szontagh. I'eber die Keleiifold-ev (Ofiier) Brunnen der Firma : 
^^Aeseulap Bittm* Water (’ompany, Liniitt'd, London,” 152. — »T. Petlui. 
Uebm* das Ligament und dit* iniiere OrganiMition der SphieruliTen, 158. 
— V. Giicker. Zur EntNNiekluiig des llergbaues im der (iegend A'on 
Rudobanya, 105. — T. PoscAAitz. Die geologi^^ehen Arbeiteii im ostiii- 
dischon Archipel, 109. — T. llarnda. Ueber das Luganer EruptiA’gebiet, 
175. — M. Staub. A Cteno^^fens cifvadea, Brgiit., a magyarhoui fosszil 
lloraban, 181. — G, IVthd. A ISiuthea es a Vola (Janira) Kagyloneraek- 
nek szabatosabb megalapilasa ds Kiili'uivalasztasa, 187. — S. Kalecsinszk}'. 
Egy szarvaskdi Amphibol cbemiai elenizikse, 190. — J. v. MatyasoA'Szky. 
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Ueber das JJraunkolilen-Vorkominen ini Sajo-Thale, 199. — II. Szter^nyi. 
Kug'elige iind sphaerolithisclie Traclij^e voii Schemuit/ uud dem Matra- 
Gebirgre, 200. — A. Kalec^inszky. l)ie quantitative cheinische Aualy^e 
des Ampliibols von iSzarvasko bei Erlau, 248. — M. btaub. Ctenoptei'is 
cycadea^ Brngt.^ in der lbs!?ilen Flora Ungams, 249. — A. Ivocli. Foldtani 
Kozlenienyek a Fruska-Gorardl, 257. — A. Koch. Geologibche IVlittbei- 
luiigen liber das IViisca-Gora Gebirge, 270. 

Budapest. Magyar Foldtani Tarsulat [Geological Society]. Fdld- 
tani Kozlony. Kotet Ul. Fuzet 11 ^ 12 (1S83;. 1883. 

31. Staub. Jiipan Fo&.szil Flora ja, 309. — J. A. K.reiiner. Aiiripignient 
Bealgar Bosziuab<)l, 381. — B. Toborlly. A ploszkoi Budoli-forras- 
cliemiai elem/t^>e, 385. — B. Toboritv. (^beiiiisehe Anahse der Kudolfs- 
qu( lie von Plo&zko, 407. — T, l\>sewitz. Ueber die ivceute Bildiuig von 
llarzablager ungen, 401b 

. . Kotet 14. Fiizet 1~12 (lhc^4). 1884. 

J. Szabd. Elnoki megnegitd be^/ed, . . . 1 .n^ 4 .Januai* 23-ikaii, 1. — J. 
Szabd. Selmecz kornvekeiiek uj leikepei, 5. — B. Inkev. Az erddlyi 
b.uasok mug.iti re^zeia k fokUzei kez( ti \azlalu. II. L. Ldez. A 
Krakatau \ulkaunak I'^'^.i-ik e\i kitoie^Ot 17.~ L. Ilo^\a\. A termdskdn 
kep/tided feltetiL irol, — J ^/abd. A iieiii/etlvt»/i geologiai con- 
gle^^ll^ bi/oltMgainalv Zurichi taiia< '•ko/a■^ai I'^KJ nutiaii, 12. F. Scha- 
far/ik. A maj\aioi>/ai»i loldieiiL^^^ek l^N>-))an, 4^. — .1. A. Ivienner. 
Auripigment und IKaljar au^ BoMiien, S/alxb I ebei neuere 

Kaittuivierke clei Uingebtiiiir von 8( henitiil/, 111. B. v . liikev . Geotek- 
toni^che Skiz/e der vve^tlielieii Haltte des iinguiisch-nuiiaiiisclien Grenz- 
gebirge.", 110 — L, v. Ldc/v. I eber die Kiuption de** KiaKutau iin Jahre 
1^83, 122. — L. Ilo^vav Ue]x*r die Bedingiingeii der Bildnng von gedie- 
gfiien >cdivvelel, 147.— F. Seliatar/ik. htati'^tik der Kidbidieu in Ungarn 
iin Jahre 18K{, 151. J. Bockh. A magvar Kir. Foldtani Int»'zet evi 
jel(‘nte'«e l8^.‘>-rdl : lira/intO'.airi Jelentes, 101.— K. lld’niann. Jeleiitd** 
az l8N3ev nvuran a Ihinii jobb partjan 0-Sz(»nv Bi‘'zke Ko/t foganato- 
siiote ioldlani rebzlete^ leh dteieki ol, 174.- J. 3latya>ov ^/kv . A Iviraly- 
Inurd es a Sebes-lvoro> Buc^alol Ib-vig. Ue^zlete^ loldtani lelvetel 

l<'*'>3“baii, im. — L. Jakvv. .h lentes az i^^.^-ik ev iivaiiin a ^Maio-^ es a 
Fehdr-Koroi, kozotti hegyvidt ki'ii es a/ Aiad-IIegvaljan e^-zkozolt Ioldlani 
id^zletes felveteliob 100. — A. Koch. Jeleulds a Ivolo/svari ^7eo»d\hegv"- 
M'gben az 1^^.3. Kvben veg/ett foldtani rcszletes tolv etelrol, 213. — L. 
Both. A Patta'<-Bozovic>tdl d'jzakra fekvo hegvseg Kia'^so-S/ordny 
rnf‘gveben, 2.*k3. — G. IlalavaK Jelentes az 1^83 evbeii Alibunai, 3Jora- 
vie/a, 31dricztold Kakova k()rn}-dken e>zko/olt r*‘«zletes ioldtani felvd- 
telrol, 243. — F. Schafarzik. J elentes az 1 88.3 ev n v aran a 1 *i lis bog) ^egben 
e'-zko/olt foldtani rd«*zletes felvetelrol, 249. — S. (b s»dl. JeleiiuK a 8el- 
niec/banja ds kornvdkeii 1^^2 es 1883 ban e^/ko/olt reszletes biiu^a- 
geologiai felvetcdelu ol, 273. — .J. Bockh. Jaliied>(‘iieli1 der k(;u. ungar. 
geologiscben Anstalt fur 188.3: Directions- Bericlit, 307.— K. Hofmann. 
B<*richl uber die aiif der 2 (‘cijten Seite der Donau zwi^clHui 0-Sy(»nv 
und i*iszke auagiddlirtini geolotri^clion Specialaufnahinen, 323,.- J. \{)n 
Matyasovszky. Der Kiral)liagd lud das Thai des Sobes-Koios Musses 
von Buesa bis Bev, 342. — L. v. Ldezy. Beiicht uber die geologische 
Detailaufnahme wahrend des Soinmeis 188.3 iin Gebirge zwischen dor 
Maros und der vveissen Koros und in der Arnd-IIegvaIja, 319. — A. Koch. 
Bericht uber die im Klausenburger Bandgobirge iin Sommer 1883 
au-sgefuhrb* g^eologische Specialaufnalirne, 3(H. — 1^. v. Both . J las Gebirge 
niirdlich von Pattas-Bozovics im Krassd-,Szoivnyer Comitate, 391. — J. 
llalavatB. Bericht uber die geologische Detoilaufuahme im Jahre 1883 
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in der Umgebung von Alibunar, Moravicza, Moriczfcild imd Kakova, 403. 
— F. Schafarzik. Geologische Aufnahme des Pilisgebirges und der beiden 
Wacbtbergc bei Gran, ‘,409. — A. GeselL Ueber die montangeologiscbe 
Detailaufnanme von Schemnitz und Umgebuug in den Jahren 18H2 imd 
1883, 43C. — M. Staub. Herr Oszwald eml^kezete, 44i). — J. Szabo. A 
Yellowstone National Park’’ nebany kozete os uj leirasa,481. — S. Both. 
Az eperjos-tokaji hegylanoz 6jszaki rSayAnek tracliytjai, 488. — J. A. 
Krenner. Emplectit az ugynevezett Treinolit Kezbanyarol, 619. — 
S. Roth. Besclireibung der Trachyte aus dem nordlichen Theile des 
Eperjes-Takajer Gebirges, 627. — J. A. Krenner. Emplekit und der 
sogenanute Treuiolit von Rezbanya, 604. 

Budapest. Magyar Foldtani Tarsulat [Geological Society]. Fold- 
tani Kozlony. Kotct 15. Piizct 1-5. 1885. 

J. Szabo. A Pharmakosidorit 6h az urvolgyit uj lehihelyne Sandberg- 
hegyon, Ohegy Kozeleben, 1. — 8. Roth. A Magas-Tatra d61i oldalanak 
hajdani jegaraircil, 9. — A. Kalecsinszky. K ozlein^nyek a Magyar Kiralyi 
Foldtani Intezet cheiniai laboratoriuinabol, 31. — M. Staub. Goppert 
Robert Henrik emlekezete, 35. — S. Roth. Hie einstigen Gletscher an 
der Siid-Seite der Holien-Tdtra, 53. — T. I’osewitz. Geologische Notizen 
aus Central Borneo, 76. — J. Szabo. Elnoki megnyito beszed, a magyar- 
honi Foldtani Tarhulat kozgyul^sdn 1885 februjir 4 en, 81. — J. Szabo. 
Magyarorszag n(n e/etesebb Fluorit-lelolielvfd, 03. — T. Szontagh. Zoly- 
ommegyc kozeteinek petrografiai isiiiortetese, 00. — F. Schafarzik. A 
magyarorszagi foldrengo.^ekrtd 1884-ben, 121. — G. Tdglas. A mamut 
nyomai Hunyadniegy^ben, 134. — .1. \. Sznb(>. Pharmakosiderit und 
Urvolgyit ( T J erreLgrundit) von einer neuen Fundstelle, 103. — J. v. Szabo. 
Namhafti'ro Vorkoinmeu der Fluorite in Ungarn, lf)9. — F. Schafarzik. 
Statistik der Erdbebeii in Ungarn im Jahre 1884, 202. 

. . General- f ndex sammtliclicr Publicationen der Unga- 

rischen Geolog. Gesellschaft von den J ahreii 1 852-82. 1884. 

. Magyar Kiralyi Foldtani Intezet. Evkbnyve. Kdtet 3. 

Fuzet 3. 1875-78. 

K. Hofmann. A deli bakony Bazalt kozetei, 339. 

. . . Kotct 4. Fiizet 4. 1876. 

J. Biickh. Pecs \arosa kbrny^k^nek foldtani 6s vizi viszonyai, 129. 

. . . Kdtet 5. Fiizet 1 . 1 877. 

0. Ileer. Pecs videken eloibrdulo Pemic Ndvenyenkrol, 1. 

. . . . Fiizet 2. 1878. 

F. TIerbieh. A Sz6kelyfold f(.>ldtani 6s dslenytani leirasa, 1. 

. . (Kdniglieli-Ungarischo Geologische Anstalt.) Mit- 

theilungen aus dem Jahrbuch. Band i. Lief. 3. 1873. 

F. Herbieh. Hie geologischen Verbal tnisse des norddstlichen Sieben- 
biirgens, 203. — A. v. Pavay. Hie geologischen Verhidtnisse der Umge- 
bung von Klausenburg, 351. 

Band ii. Lief. 2 & 3. 1873. 

J. Bdekh. Hie geologischen Verlialtuisse des siidlichen Theiles des 
Bakony, Tbeil 1., 27. — K. Hofmann. Beitrage zur Kenntniss der Fauna 
des Haupt-Holomites und der altereii Tertiar-Gehilde des Ofen-Kovacsier 
Gebirges, 181. — M. v. Hautkeii. Her Ofuer Mergel, 207. 
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Budapest. Mag 5 ’ar Kiralyi Foldtani Intezet. (Koniglieh-Unga- 
rische Geologische Aiistalt.) Mittlieilungen aiisdem Jahrbuch. 
Band iii. Lief. 2. 1874. 

A, V. Pavay. Pie fossilen Seeigel des Ofner MergeL, t). 

. . . . Bandvi. Hefto 8~10 (1883). 1884. 

M. Staub. Tertiare Pflauzen von Felek bei Klausenburg, — G. 

Primics. Die geologischen VerhaltnLse der Fogarasclier Alpeii und des 
beuachbarten rnmuuiscben (rebirges, 28d. — T. Posewitz. Geologisclie 
Mittheilungen uber Rornoo, dl7. 

. . . . Bandvii. Heftol-4. 1884-85. 

J. Felix. Die Ilolzopale Uiigarns in palaeopln tolugisclu'r IliiiMcht, 1. 
— A. Koch. Die alttertiaren Eebiniden Siebenburgeu.s, 45. — roller 
YOU Mildeiis^ee. Topogi'a/iacli-gcologLclie 8Ivi//t‘ der lnst*Igrii})pt‘ Pdagosji 
im adiiatischoii Meer, Idl. — T. PoiW'wity. Die Ziiiiiiijseln im iiKli8elu‘ii 
Oceane: 1. Geologic ^ on Dangka. ALAnhang: Das Diamant-Vorkoiii- 
men in Borneo, 15-i. 


. . . Jahrcsberichi fiir 188R. 1^^4. 

J. Bdckh. Directionb-Ik*richt, d. — (\ Hofmann. Feber dit‘ aiif der 
reebten Seite der Doiiaii zwiK*ben O-N/onv und Pi‘'ylxe aiisgefuhrten 
geologiscben Specialanfnabmen, D ~ .1 . ^ on 5lat\ a‘' 0 \ ^zky. 1 )er Iviraly- 
bago und das Thai des 8ebes-Koi(»^ F1 unn(*h A.)n Buesa bi" Rev, 5H. — 
L. von Ldezy. Beiicbt uber die geolegisehe 1 )elailaufnabme walirend 
des Sommers 188.*5, im Gebiige zwischeii der Maros und der Weissen- 
Kbrds und in dt'r Arnd-Heg}alja, 45. — A. Koch. Berieht uber die im 
Klausenburger Randirebirtre aii'-gefuliHe Sj)(‘eialaufnalnn(*, (>4. — L. Roth. 
DaaGebirg(‘ nbrdbcb ^oii ]*atta>-I>ozo^ies im KrnN>()-8zoren} or Comitate, 
b7. — J. Halavats. Berieht uW die geoloLd'^che Detailaufnahme im Jahr 
1883 in der Umgebung von Alibunai, Mora\icza. Moriczfold und Kakova, 
W. — F. Schafarzik. (leologisdie Aufnahme des Pili— (lebirges und der 
beiden Wacbtberge *' bei (Jran, 105. — A. Gestdl. Jku’icht ulxn* die 
montaugeologiscbe Detailaufnahme von Sclu‘mnitz und I’nipebung in 
den Jahren le>82-83, 132. 

. . Kdnyv- es Terkeptaranuk Czimjcgyzeke|^ [Catalogue 

of the Library]. (8vo.) 1884. 

Buenos Aires. Academia Kacioiial de Ciencias on C<)rdoba. Boletiii, 
Tomo vi. Entregas 2-4. 1 884. 

F. Ameghino. Escursiunes Geoldgicas y Paleoiitoldgicas en hi provincia 
de Buenos Aires, 161. 


. . . Tomo vii, Entregas 1-4. 1885. 

If. Conwentz. Sobre alguno.s arboles fdsiles del Rio Negro, 435. — 
F. Ameghino. Oracanihm Bunmuteri, nue\o edeiitado extiiiguido de 
la Republica Argentina, 400. 

. . . Tomo viii. Entrega 1. 1885. 

F. Ameghino. Nuevos restos dt* mamiferos fdsiles oligocenos recogidos 
por el profesor Pedro Scalabrini, y perteuecientes al Museo Provincial del 

1 Van4 6. 

. Sociedad Cientilica Argentina. Anales, 1884. Tomo xvii. 

Entregas 5 & 6. 1884. 
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Buenos Aires. Sociedad Cientifica Argentina. Anales, 1884. 
Toino xviii. Entregas 1-6. 1884. 

A. Boring. Informe sobre un sediraento lacustre fosilifero, encontrado 
en la perforacion del Besaguadero (Ferro-Carril Andino), 1. — G. Av6- 
Lallemant. Bates mineros de la republica oriental, 193. 

. . , 1885. Tomo xix. Entregas 1 & 2. 1885. 

Caen. 8ooiete Linncenne de Normandie. Bulletin. Serio 3. Vol. vii. 
(1882-83). 1883. 

0. lienaiilt. Eindo stratigrapbiqiie du Cambrien et du Silurien dans 
les valines de TOrne et de la Laige, 1(), 38, — A. Bigot. Note sur la base 
du Hilurien moyen dans la Hague, 31. — J. Mori^re. Note sur une Ery- 
onid(5e nouvelle trouv^e a la Caine (Calvados) dans le Lias supdrieur, 116. 
— G. Renault. Note sur Lias de la prairie de Caen, 130. — L. Lecornu. 
Sur la composition de certains sables et de certains alluvions, 134. — 
II. E. Saiivage. Note sur le genre Pacln/connus, 144. — J. Moriere. Note 
sur une empreinto de corps organise offerte par le gres armoricain de 
May (Calvados), 160. — C. Renault. Le Cambrien et le Silurien de la 
\alf(Se do POrne (d’Etavaux a Feugerolles), 261. — A. Bigot. Compte- 
rendu de I’excursion g<5ologique a May-sur-Oriie, 303. 

Calcutta. Asiatic Society of Bengal. Journal. Yol. lii. Part 2. 
Title-page» Plates, &c., 1883. 1885. 

. , , Yol. liii. Part 1. No. 3. 1884. 

. . , . Part 2. Nos. 1&2. 1884. 

. . . . . Special Number. 1884. 

. . Proceedings, 1884. Nos 3-il. 1884—85. 

R. B. Oldham. Rougli Notes for the construction of a Chapter on the 
History of the Earth, 146. 

Cambridge Philosophical Society. Proceedings. Yol. v. Parts 1-3. 
1884-85. 

T. G. Bonnoy. On the Microscopic Structure of a Boulder from the 
Cambridge Greensand found at Ashwell, Herts, 66. — E. Hill. On a 
Coiitinmtus Succession in part of the Guernsey Gneis^^, 164. 

. Transactions. Yol. xiv. Part 1. 1885. 

Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Bulletin. Yol. vii. (Geological Series, Yol. i.). Nos. 
2-8. 1881. 

J. S. Biller. The Fclsites and their Associated Rocks North of Boston, 
165. — M. E. Wadsworth. On an Occurrence of Gold in Maine, 181. — 
M. E. Wadsworth. A Microscopical Study of the Iron Ore, or Peridotite, 
of Iron Mine Hill, Cumherlaud, Rhode Ishmd, 183. — C. E. Hamlin. 
Observations upon the Physical Geograplnr and Geology of Mount 
Ktaadin and the adjacent district, 189. — L. Lesquereux. Report on the 
Recent Additions of I’ossil Plants, 225. — J. E. Wolff. The Great Bike 
at Hough^s Neck, Quincy, Mass., 231. — L. Lesquereux. On some Spe- 
cimens of Permian Fossil Plants from Colorado, 243. 



Ammm so xhb uibabt. 

ChiiShjM^ Uxamm of Oomp&ratiTe Zoology at Harvard 

Vol. viL (Gi^ogioal Series, vol, L). No, 

Wxbworth. The A*(mc System and its pro- 

. Vol. xi. No. 10. 18rt4. 

. Vemoin. Vol.Tiii. No. 3. 1883. 

I 1S'<4. 

M, E. Wad4w«rtli. liihoh>^neaI Studio?*. A Do^iption aad Classili- 
of tW R«ickA of th»* i ordillora?*, 1. 

. ^ No. 3, 

— . , . Vol. X. No. 3. l^'^4. 

C. E. Hamlin. l^*8ult?i of an Examinution of SMitm Mollu«can Fossils, 
chii'fly from tho mnp>* of Mount 1. 

, . . Vols. xii. xiii. 1 n^4. 

. Soienco. Nos. 73‘1L\ IS''4. 

. . Xos. 100- liM. l><>. 

Ca]>e Town. South-African Pliilosojihical Society. Transactions. 
Vol. iii. (ISSl-Sll, 1^84. 

A. II. Green. ^ Notes of a Lecture on South African Geolopy, I 27. 

Carlisle (Keswick). Cumberland Association for the Advancement 
of literature and Science. Transactions. Part 1 (1875-71)). 
1870. 

J. C. Ward. Sketch of the Geological History of the Lake District. 
s59. 

. . . Part 2 (1870-77). 1877. 

R. Ru 8S(*II and T* V. Holmes*. The Raised Reach on the Cumberland 

Coast between \Vhiteha\en and Rowiiess, li8. — J. C. Ward. Remarkable 
Roulders of Keswick District, 71. 

. . . Part 3 (1877-78). 1878. 

Sir G. Airy. f)n the probable Condition of the Interior of the Earth, 4»‘l. 
— J. C. Ward. Quartz, as it occurs in the Lake District, its Structure and 
its History, 77.— C. Smith. Boulder Clay, 91 .— R. Pickering. Submerged 
Forest at St. Bees, 109. 

. . Part 4 (1878-79). 1879. 

. . . Part 5 (1879-80j. 1880. 

J. D. Kendall. The Influence of Geological Structure on Scenery, 97. 
— J. D. Kendall. IMstribution of Bo dders in West CumWland, 151. 

. . , Part 0 (1880-81). 1881. 

T. V. Holmes. On a subinerged Forest ofl:" Cardumock, on the Solw^ j 
and on the Destruction of Skinburness by the Sea about the year liKfe, 
121. — T.V. Holmes. Notes on the Physical Geography of North-west 
Cumberland, 107. 
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Carlisle. Cumberland and Westmoreland Association. Transac- 
tions. No. 9 (1883-84). 1885. 

J. G. Goodchild. The Penrith Sandstone, 81. — ^T. V. Holmes. Notes 
on the best Locality for Coal beneath the Permian Hocks of North-west 
Cumberland, 109. — Miss Donald. Notes on some Carboniferous Gaste- 
ropoda from Penton and elsewhere, 127. — .1. Leitch. Notes on the Geo- 
logical Formation and Fossils of the Silloth new Dock, 169. — J. G. Good- 
child. Contributions towards a List of the Minerals occurring in Cumber- 
land and Westmoreland (concluding part), 175. 

Cassol. PaloDontographioa. Band xxxi. (Folge 3, Band vii.). 
Lief. 1 & 2. 1 884. Purchased. 

C. Ilasse. Eiuige seltene palaontologische Funde, 1 . — M. Kliver. Ueber 
Aiihroplewra Jord., 11. — M. Schlosser. Die Nager des europai- 

scheu Tertiars nebst Betrachtungen uber die Organisation und die ge- 
Bchichtliche Entwicklung der Nager uberhaupt, 19. — A. Schenk. Die 
wahrend der Heise dcs Grafen Bela Szdclienyi in China gesammelten 
fossilen Pflanzen, 103. 

Lief. 3-6. 1885. Purchased, 

L. von GratF. Uebei einige Deformitaten an fos&ilen Crinoiden, 188. 
— A. Bohm und J. Lorid. Dio Fauna des Kelheimer Diceras-Kalkes. 
Diitter Abtheilung: lOcliinoideen, 193. — Ilosius und Von der Marck. 
Weiter(‘ Beitrage zui Keniitni«!s der fossilen Pflanzen und Fi&che aus der 
Kreide Westfalens, 225. — ^Vun der Marck. Fische von der oberen Kreide 
We<^tfalens, 233. — Bust. Beitrage zur Kenntniss der fossilen Radio- 
la rien aus Gest(unen des Jura, 271. — M. Schlosser. Nachtrage und 
Berk hligimgen zu ; die Nager des europai'^chen Teitiars, 323. — A. von 
Konen. Nekrolog uber Professor AVilhelni Dunkei, 331. 

, . Sii])p]eiiLont 2. Abth. 5. (Text, 8vo ; Atlas, fol.) 

1 884. Pu rch<(}ii d. 

G. Cotteau. Die Echiiiiden der Stramberger Schichten, 1. 

Catania. Accademia Gioenia di Scienze Natural!. Atti. Serie 3. 
Tomo xvii. 

L. Ricciardi. Sulla composizione chimica de’ divorsi strati di una 
stessa corrente di la\a eiuttata dall’ Etna nel 1009, 17. — L. Ricciardi. 
Le rocce cristalline dei dintoini di Messina, 37 — L. Ricciardi. Sulla 
diflubione del Yanndio ntd regno mincrale e \egetale, 161. — 0. Silvestri. 
Sopra un particulare specie di quarzite seninetro'^a, a struttura pomiceo- 
granulare contenuta nell’ luterno di alcuue bombe proiettate dall’ Etna 
nella recento eriizione eccentrica del 22 Mnrzo 1883, 107. — L. Ricciardi. 
L’ Etna e 1’ ernzione del inese di Mar/o lh83, 195. — L. Ricciardi. Sulla 
composizione chimica dei basalti di Cattolica e Tremiglia e di una breccia 
basaltica, 231. — O. Sihestii. Sulla esplosione Etnea del 22 JMarzo 1883 
in rela/ione ai fenoimmi Milcanici (geodinamici et erutti'vi) mesentati 
dair Etna durante il quadrieunio compreso dal Gennaio 1880 al Dicembre 
1883, 235. 


Chemical News. Nos. 1283-1309. 1884. 

. Nos. 1310-1334. 1885. 

Chemical Society. Abstracts of the Proceedings. Nos. 1-9 
(1884-85). 1885. 

VOL. XLI. 


n 
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Chemical Society, Journal. Nos. 260~2()5. 1884. 

, Supplementary number, 1884 (Title-pages, Indexes, 

&c.). 

. Nob. 266-721. 1885. 

Colliery Guardian. Nos. 1226-1252. 1884. 

. Nos. 125a-1277. 1885. 

Copenhagen. KongeHge Danske Videnskabemes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Eaekke 6. 
Bind i. Nos. 6, 9, 10. 1884. 


. . . . , No. 11. 1885. 

^ ^ ^ ^ Bind ii. No. 7. 1885. 

— . . Orer^igt, 1883. No. 3. 1884. 

. . , 18S4. Nos. 1-3. 1884-85. 

. , 1885. No. 1. 1885. 

Cracow. Akademija Tmitjetnosci w Krakowie. Sprawozdanie. 
Koniisyi Fu\jogriiticzn(*j. Tom xviii. ISM. 

W. Obudowi** okolic\ Tarnopola i Zbtiraza, 

CzfV* If., — A. Altha. Sprawozdaiiit* z i>udn'»/.y r. l^^<3 (>dbyt<5j 
po w.-ichidub'j 25**, 

Ctystallolugical Society. Pr<>ce«»dings. Part 1 (1877). Is77. 

A. !)♦•« ClMiz»'Uux. Mvinoir 4>n lb«- tlire4‘ ot Iliunitc, b. — AV. C. 
Bru^^^''eT and (i. \ <*m Path. On rt-rtain (’r\Ktnlh <>f Eustatite found 
by \V. and If. 11. licu-ch, 14- F. Fifkl. f)n l^udlaiiiite, a 

new C«)mi*'h Mineral, if.**,— W. ,1. Lewis. Notiee of (’rystaIlop’aj>hical 
Forms of (tlaucudote, 31. — E. Ik*rtraiid, Note on the Law' of Twinning 
and Hemibedri.sin of Leuct/phane, 35. — AV. J. Lewds. Crj'stallograpliic 
Notes, 37. 


. . Part 2 ( 1 S82 ). 1 S.s2. 

W. J. Lew'K (Jrvstallogiaj)liic Notes 40. — N. .S. Maskelyne. On an 
Artificial Dionside Rock fonm-d in a Jie.ssenao* Converter, oH. — N. S. 
Maskelyne. Enstatite Rock from South Africa, bO. — \\’. Flight. Exa- 
mination of two new Amalgams and a Specimen of Nati\e (told, 84. — 
L. Fletcher. CryNtallographic Notes, H.'>. — AV. G. Lettsom. On Rhab- 
dopbane, a new' Mineral, lb5.~AV. G. Letl.soin. On the Dicliroism of 
two European Andalusites, 108. -AA^. .1. Lewis. Oy‘'tallograj)hic Notes, 
10^. — L. lletcher. CrystaHographie Notes, 114, 

Dorpat. Naturforscher-Gcsellschaft. Archiv fur die Naturkunde 
Liv-, Ehst- und Kurlands. 8erie 2. Biologischo Naturkunde. 
Band x. lief. 1. 1884. 


•. Schriftcn I. 1884. (8vo.) Dorpat, 1884. 
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Dor pat. Naturforscher-Gesellscliaft. Sitzungsbericlite. Band vii. 
Heft 1 (1884). 1885. 

J. Sieniiradzki. Geologische Verhaltnisfle von Martinique, 64. — C. Gre- 
wiiigk. Ueber einige neue Funde subfossiler Wirbelthierreste unserer 
Provinzen, 143. — J. Siemiradzki. Beitrag zur Kenntniss unseier Torf- 
moore, 174. 

Dresden. Naturwissenschaftliche Gesellscbaft Isis. Sitzungs- 
berichte nnd Abhandlungen. Jabrgang 1884, Jan.-Jnni. 
1884. 

Sitzungsherichte, 

0. K5nig. Ueber Moor und Torf, 21. — A. Purgold. Zirkon-Zwilling 
von Renfrew, Canada, und Pyrit aus Cornwall, 25. 

. . . , Jnli-December. 1885. 

Sitzung^erichte, 

A. Purgold. Ueber die mineralogischen und geologiscben Ergebnisse 
einer Reise in Italit ii, 58. 

Ahhartdlungen. 

E. Danzig. Ueber das archaische Gebiet nordlicb vom Zittauer und 
Jeschken-Gebirge, 141. 

Dublin. Royal Irish Academy. Proceedings. Ser. 2. Yol. ii, 
Ho. 5. Polite Literature and Antiquities. 1884. 

. . . . Vol. iv. Nos. 1 & 2. Science. 

1884. 

J. P. O’Reilly. On th(' Directions of Main-lines of Jointing observable 
in the Rocks about Dublin, and their Relations with existing Coast-lines 
and with lines of Faulting and Contact of Geological Formations, Part II., 
110 . 


Transactions. Vol. xxviii. Science. Parts 14-1 6. 

1883-84. 

Dudley and Midland Geological and Scientific Society and Field 
Club. Proceedings. Vol. iii. No. 3. 1877. Presmted by 

W. WMtal^er, Esq,, RG.S. 

J. W, Oliver. Railway Cutting at Daw End, near Walsall, 111. — 
E. Terry. Section AVenlock Shale frem the Wren’s Nest, Dudley, 113. 
— W. J. Harrison. On the Rhietic Section at Dunhampstead Cutting, 
near Droitwich, and it" correlation with the same strata elsewhere, 115.— 
.1. II. Tlioiuson. On Salt, 127, — C. Cochrane. Ink Photograph of the 
Fossil ALtosaurm ferratxis, Fraas, 130.— W. Molyneux. The Bunter 
Conglomerates of Cannock Chase, 139. 

Dulwich College Science Society. Sixth Annual Report, 1883-84. 
1884. 

R. G. Reid. Volcanoes, Kb — C. O. Blagden. Amber, 20. — T. Rose. 
Crystallography, 24. — A. Tribe. The Salt-mines of Stassfurt, 26.— 
A. R. Saunders. Geology, 34. — S. W. Carruthers. Australia, 38. — 
W. Carruthers. Coal, and the Plants which form it, 39. — A. Tribe. The 
Chemistry of Coal, 41. 

n 2 
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Dundee. East- of Scotland Union of Naturalists' Societies. Keports, 
1884. I 880 . 

J. Darliam and W. N. AValker. Report on Geology, 78. — W. W. 
Peyton. Report on Mineralogy, 78. 

East-India Association. Journal. Yol. xvi. Nos. 4-0. 1884. 

Yol. xvii. Nos. 1-4. 1885. 

Easton. American Institute of Mining Engineers. Transactions. 
Index, Yols. i. -x. 1884. 

Edinburgh. Royal Physical Society. Proceedings, Session 1883-84. 
1884. 

A. Goikie. Op^'ning Addiess 1.- R. II. Traquair. Remarks on the 
Genus Megalichtnya (Aga&4/h ^^ith Description of a ne^^ Spc'cies, ()7. — 
R. 11. Traquair. NototH on the Genus Gyramnihus (Aga^^siz), J)l. — J. T. 
Richard.-^. On Scottish Fos.sil Oycadaceou'- Lca\ cs contained in the Hugh 
Miller (’ollection, IK). — R. Kidston. On a sp(‘cinien of Pecoptens 
^ Hrongn.) in Circinate AVrnation, with Ihunniks on tho 

Genera Sjyir(pten.s and Phizomoptens of Schimper, 1:28. — R. Kidston. 
On a new Spt ch's of Sdiufzia ho\\\ the Oalciferous Sandstones of Scot- 
land. 127.— ll. Gunn. On the Siher Districts of Colorado (Letuhille 
and San Juan), loo. — II. Miller. On Bouhh r-Glaciation, ir)(». — J. S. G. 
YlUon and II. M. C\ulell. The Breadalhaiie Mines, 189.-11. M. (hidell. 
The Harz Mountains, their Geological Structure and History, 207. 

. Royal Society. Proceedings. Yol. xi. No. 110 . 1881-82. 

R. Chri.stison. On the A})])lieation of the Rocks of Ren Ne\ia to 
Omannaital Art, 305. — Duns. The Surface-Ge< dogy of Mid-Lochaher, 4^3. 
— M. F. Hcddle. (liaptu’S on the Mineral(ig\ of Scotland, Chapter YII., 
549. — A. Geiki(‘. Note un the (hiihoniferous Rocks of tin* South of 
Scotland, «59^. — R. Kidston. Report on the Fos41 Plants collected Iw 
the Gedogical Sur\ey nf Scotland in Eskdale and Liddesdale, (K)8. — J. J. 
Dobbie and G. G, Ileiidetsuu. On the Foniiatioii of Seijxmtiiio from 
Dolomite, 000. — M. F, Heddie. Geological Notes, (>80.— T. II. Tizard and 
J. Murray. I^xploratioii ol the Faioe ('hannel dining the Summer of 
1880, in* H.M.’s hired ship ‘Knight Errant,' 088.- 1). Miliie-Holme. 
Report of the Roulder-Comniittee, with Remarks, 748. 

Yol. xii. No. 113. 1883. 

D. Milne- Holnn*. Ninth Report of the Boulder- Committee, 198. 

. . Transactions. Yol. xxx. Parts 2 & 3. 1881-82 

& 1882-83. 

M. F. Tleddh*. ChaptiTs on the Mineralogy of Scotland, Chaptcu* YII., 
427 — B. N. Peach. Further Reseandies among th(‘ Crustacea and Arach- 
nida of the CarhonibTOus Rocks of the Scottish Bordig, 511. — R. Kidston. 
Report on Fossil Plants collected by the Geological Survey of Scotland 
in Eskdale and liddesdale, 681. 

. . . Yol. xxxii. Part 1. 1882-83. 

Falmouth. Royal Cornwall Polytechnic Society. Fifty-first Annual 
Report, 1883. 1884. 

E. A. Wiinsch. On the Genesis of Slate Rock.s, and on the Theory of 
Vulcanicity, 61. 
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Praiikfort-on-tho-Maine. Senckenbcrgischo N aturforBchende ( josell- 
flchaft. Jioricht, 1884. 1884. 

F. Kinkelin. Ueber zw(‘i siidamerikamscbe diluviale liiesenthiere, loO. 
— ^F. Kinkelin. Ueber Fossilien aus Braunkohlen der Umgebung von 
Frankfurt-a-M., 1C5. — F. Kinkelin. Sande und Sandsteine im Mainzer 
Tertiarbocken, 183. — F. Kinkelin. Die Schleusenkanimer von Frankfurt- 
Nicdorrand und ihre Fauna, 219. — 0. Bottger. Fossile Binnenschnecken 
aus den intermiocanen Oorbicula-Tlionon von Niederrand bei Frankfurt- 
a-M., 268. — F. Hitter. Ueber neueMineralfunde im Taunus, 320. 

Genova. Societd do Physique ct d'Hibtoire Katurelle. Memoires. 
Tome xxviii. Partie 2. 1884. 

Geological Magazine. Dec. III. Vol. i. Nos. 7-12. 1884. 

J. W. Dawson. Note‘< on the Geoh)gy of the Nile Valley, 289. — W. H. 
Iludleston. Contributions to the Palasontology of the Yorkshire Oolites, 
293. — E. W. Claypole. On the Occurrence of the Genus Dalmanites in 
the Lower Carboniferous Hocks of Ohio, 303. — S. Spence Bate. ArcTuB- 
astacus (Eryon) Willema'sii^ a new Genus and Species of Eryonidie, 307. 
— C. Ochscnius. Metalliferous Deposits, 310. — W. T. Blanford. On the 
Classification of Sedimentary Strata, 318. — A. Iiwing, The Permian- 
IMas Question, 321 . — II. Woodward. On the Wing of a Neuropterous 
Insect from the Cr(‘taceous Limestone of Flinders Hiver, North Queens- 
land, Australia, 337.— W. II. Iludleston. Notes on some Mollusca from 
South Australia, obtained near Mount Hamilton and the Peak Station, 
3.‘i9. — 11. Woodward. Note on the llemains of Trilobites from South 
Australia, 342. — 0. 0. Marsh. IMncipal Characters of American Creta- 
ceous IHevodactyls : l^art I. The Skull of IHaranodon^ 346. — T. R. Jones. 
On some Paloeo/oic l*hyllopoda, 348. — T. R. Jones and J. W. Kirkby. 
On some Carboniferous l^ntomostraca from Nova Scotia, 36G. — C. Calla- 
way. On a new Metamorpliic Area in Shropshire, 302. — J. F. Blake. 
Criticisms on recent Papers about Imults, 30(). — J. W. Dawson. Notes 
on the Geology of Egypt, 38.>, 439. — T. R. Jones and H. Woodward. 
Notes on Phyllopodiform Crustaceans, roftu'able to the Gonns Echinocarisj 
from the Paheozoic Rocks, 3>93.— (). Fisher. On Ck^avage and Distortion, 
Part V., 390. — T. G. Boimey. Remarks on Serpentine, 406. — R. D. 
Oldham. Note on a Graphic Table of Dip.s, 412. — E. Wilson and H. E. 
Quilter. Tin* Rlnetic Section at AVigston, Leicestershire, 415. — W. 
Davies. Notes on some new Carni\ores from the British Eocene Forraa- 
tit)ns, 4.‘>3. — R. I./ydekker. Notes on some Fo^^il Carnh ora and Rodentia, 
442. — T. ]M. Reade. On a Section of Keiiper Marls at Great Crosby, 445. 
— W. Topley. Report upon the National Geological Sur\ey8 of Europe, 
447. — E. W. (^la^pole. Penns>hania before and after the Elevation of 
the Appalachian Mountains, 4(><). — E. Gilpin. A Comparison of the 
Distiuctu e Features of No\ a-Scotian Coalfields, 467. — W. Whitaker. The 
Value of Detailed Geoh^gical JNlaps in relation to Water-supply and other 
Practical Questions, 468. — J. AV. Dawson. On the more Ancient Land- 
floras of the Old and New Worlds, 400. — G. F. Mathew. The Geological 
Age of the Acadian Fauna, 470. — G. ¥. Mathew. The Primitive Cono- 
coryphean, 471.— II. Miller. On Fluxion-Structure in TiU, 472.— J. D. 
Dana. On the Southward Ending of a great S3mcliual in the Taconic 
Range, 473. — J. H. Panton. Gleanings from Outcrops of Silurian Strata 
in Red River Valley, Manitoba, 474. — C. E. De Ranee. Tenth Report 
of the Underground Waters Committee, 475. — T. R. Jones. On the 
Geology of South Africa, 476. — ^L, W. Bailey. The Acadian Basin in 
American Geology, 478. 
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Geological Magazine. Dec. III. Yol. ii. Nos. 1-G. 1885* 

K. A. C. Godwiu-A listen, Life of, 1. — H. Woodward. Igmnodon 
ManteUi, Mever, 10. — A. Harkor. The Cause of Slaty Cleav^e, 15. — 

A. Irving. \Vater-supply from the Bagshot Beds, 17. — T. M. Keade. 
Gulf-Stream Deposits, 2o. — W. II. Hudleston. Contributions to the 
Palaeontology ol Yorkshire, 49. — F. W. Hutton. Geological Nomen- 
clature, 59. — It Lydekker. Note on Three Genera of Fossil Artiodactyla, 
with Description of a new Specie.s, 6»*5.- — (i. A. Ja'Loui. Note on tlie 
Posidoimnya Beclwri Beds of Budle (^North umber land), with liemarks 
on the Distribution of the Species, To. -T. G. Boimey. On the Occur- 
rence of a [Mineral allied to i^Mstatite in the Ancient Lavas of Kycott 
Hill, Cumberland, 76. — C. Lupworth. On the Clo.se of the Highland 
Controversy, 97. — J. J. II.Teall. On .‘^omo Quartz-Felsites and Aiigite- 
Granites from the Che\iot District, 106. — \V. II. Hudleston. Contri- 
butions to tlie Palieoutology of the Yorkshiie Oolites, L^l, 151, 201, 252. 
— II. Goss. On thi' recent DiscoAery of the Wing of a Cockroach and 
tw’o Scorpions in Bocks of Silurian Age, 129. — B. Lydekker. Not(» 
t/ii an apparmtly new Species of llyopolamm (77. 'Piefefi), 161. 

B. 8. Luiian. CVnitour-Lines on Geological Ma])s, 162. —.1. S. Gardner. 
Oscillations of Level along our Soutli CVmst since tiie Human Period, 145. 
— T. B. Jones. Interiiiittent Streams in Jk*rkshir«‘, 1 JH. — (1. H. Kinahaii. 
Canadian Archfoan or Pie-Camhriaii Bocks and tlie Iri'-h Metamondiic 
Ituck>, 159. — B. L\dekker. A Be\ ision of tht‘ Antelont^s oi the Siwaliks, 
l(i9. — E. J. Dunn.* On the Mode of Occuirenct' of Gold in tht‘ Transvaiil 
Goldfield. 171. — J. W. Judd. On tbt‘ Occurience, as a (Nunmon Bock- 
Torming Min*‘ral, of a rcuuarkable ^leinher of the Enstatile Group 
lambly-t* gite, \’om Bath), 176. — 0. Fisher. Tlie (hiuse of Slaty 
Cleavage; Sheai’ing Compre.s.sion, 174.— T. F. Jamieson. The Inland 
Sea.s and Salt-Lake^ <jf the Glacial Period, 106.— M. E. Wadswortli. 
On tin* Piesenc<‘ of S\enite and Gahbi(» in Ivsex County, Massachusetts, 
207. — C. Da^ksoii. (in a jjos.sihle (’aiise of tin* Distuibance of Magnetic 
Compass-Needles during Kaithquakes, 210.- J. S. (iardner. On the 
Ivaml-Molluftca of the Kueenes, 241. — ('. ( ’allaway. A Plea for Com- 
l),i^ati^e Lilhologv', 25H.~S. II. SciuldiT. Two more English (hn- 
Douiferous Insect;-, 265, — .V. Harker. On tin* Successi\(* Stages of Slaty 
Cleavage, 266. 


. . . . . PurchdSdL 

(reologists' Association. Proceedings. Yol. viii. No. 7. 1<S84. 

I), lloneyman. Glacial Dis-tribution in (’anada, 677. — A. Strahan and 
W. D. Carr. Excursion to Lincoln, 686. — II. IT. ( jodwin-Austen. Ex- 
cursion to Guildford and the new Buihva} Works in Prr)gr(*Hs tliere, 690. 
— W. Topley. J^^xcur-ion to the Crystal Palace, 691. — T. \, Holmes. 
Excursion to Tilbury Doek.^. 692.- ^Y. H. Dalton. Excursion to Epsom 
and Dorking, 696. — [MeK. Hughes. I’Aciinsion to (\*tmhridg«}, 699. — 
T. V. Holmes. On .some Curious Kxca\ationa in the Isle of Portland, 
404.— J. L. Lobley. Excursion to Cuterhain and Merstham, 41 1. — C. E. 
De Ranee. Excursion to the International Health Exhibition, 416, 

No. 8. 1884. 

J. F. Blake. The North-we.st Highlands and their Teachings, 410. — 

C. Lapworth. r)n the Stratigraphy and Metamorphism of the ITocks of 
the Dumeas-Eriboll District, 4.68. — W. A. E. Ussher. On the Geology 
of South Devon, with sp(*cial referena* to th(i Long Excursion, 442, — 
J. Hopkinson. R(*port on the Excur‘-*ion to Radlett, 452. — R. N. Worth 
and A. Ciiamjiernowne. l^*pol*t on the Excursion to South Devon, 458. 
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Geologists’ Association. Proceedings. Yol. ix. No. 1. 1885. 

H. Hicks. On some recent Researches in Bone-Oaves in Wales, 1. — 
R. Meldola. On some Geological Aspects of the East- Anglian Earth- 
quake of April 22nd, 1884, 20. 

Giessen. Oberhessische Gesellschaft fiir Natur- und Heilkunde. 
Bericht 23. 1884. 

Glasgow. Geological Society. Transactions. Yol. vii. Part 2 
(1882-84). 1885. ^ 

R. Craig. Volcanic Bislurbance of the Ironstone Pleasures in the 
vicinity of Dairy during the Carboniferous Period, 233. — J. R. S. Hunter. 
Biographical Sketch of the late Robert Slimon, 23h. — .T. Young. On 
the Id«‘utity of Ceramopora {Berenkea) me(jaBtomny McOon, with Fifitu- 
lipora minor y McCoy, 24 1. — D. Forsyth. A Bed of Post-glacial Clay, 
exposed by Dredging in the Harbour of Girvan, Ayrshire, 251. — ^.J. Home, 
The Geology of the Isle of Man, 254. — T. King. Notes on a recent Flood in 
the Deserts of Atacama, North Chile, 2G2. — J. Young. Notes on lire’s Mil- 
lepore” Tabxdipora TJrii^ J. Young {Cellepora Urii^ Hem.), 2()4.— .1. R. H. 
Hunter. Thrf*e Months’ Tent Ijife amongst the Silurian Ilillh of Logan 
W ater, Lesmahago w, 272. — T. Scott and .T. Steel. N otes on the occurrence 
oULeda arctica, Gray, Lxjomia arenosa, MoUer, and other Organic Remains 
in the Post-pliocene Clays of Gar\el Park, Greenock, 27G. — J. Smith. 
Cleaves Cove, Dairy, Ayrshire, its Exploration and History, 284 — A. 
Patton. Geological Observations in the Parish of East Kilbrjde, Lanark- 
shire, 309.--- J. White. Random Nott.‘S on the English Lake-District, 
334. — 1). Bell. On the Geology of Ardrossan and West Kilbride, 342. — 
1). C. Gloii. Notes on the Spherulite Rock of Corriegills, and the Banded 
Pilchstone of Iiivercloy, An'an, 352. — ^D. Foisyth. Tlie Silurian Rocks 
of the Girvan District, 358. — J. Young. Note on Favosites (?) {Calmno- 
pora ) dentifera, l'*hillips, 3()9. — A. Macconochie. Review of the Southern 
Silurian Question, 3/0. — J. R. S. ITunter. The Silurian Districts of 
Leadliills and Wanlockhcad, their early and recent Mining History, 373. 
— K. 11. Traquair. On a specimen of Pst^phodus magmi<, Agassiz, from 
the Carboniferous Limestones of East Kilbride, Lanarkshire, 392. — T. 
Scott. Some Notes on a Fossiliferous Shale, a little way below the 
Cloch Liglithouse, 402. 

Haarlem. Societe Ilollandaise des Sciences. Archives Neorlan- 
daises. Tome xix. Livr. 2-5. 1 884. 

R. D. JVI. Verbeek. Rapport sommaire sur IVruption de Krakatau les 
26, 27 (‘t 28 aout 1883, 153. — E. H. von Baumhauer. Sur la meteorite 
de Ngawi, tumbee le 3 octobre 1883, daus la purtie ceiitrale de Tile de 
Java, 177. 

Halifax, N. S. Nova-Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Yol. vi. Part 2 (1883-84). 1885* 
E. Gilpin, juu. Notes on the Debert Coal-field, ('’olchester. N.S., 93, 
— E. Gilpin, J mi. Notes on the Manganese Ores of JjocIi Lomond, 97. — 
S. D. McDonald. Sable Island, 110. — D. Honeyman. Glacial Action at 
Rimouski, Canada, and Loch Eck, Argyleshire, Scotland, 119.— -D, 
Honeyman. Notes of a Polariscopic and "Microscopic Examination of 
Crystalline Rocks of Nova Scotia and Cape Breton, 121. — M. Murphy. 
Some I^hysical Features of Nova Scotia, with notes on Glacial Action, 
130. — D. Honeyman. Glacial Distribution in Canada, Appendix, xiii. 
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JBEalle. Kaiserliche Leopoldiiiisch<>Carolinischo Deutsche Akademie 
dor ^aturforscher. Vorhandlungen (Nova Acta). Band xlv. 
1884. 

F. E. Geinitz. Die skandinavii^chen Plngioklosgesteino und Plionolith 
aUB dem mK'klenburgisclieu Diluvium, .33. 

. . . Band xlvi. IS84. 

. Zeitschrift fiir Naturwissenschaften. Band Ivii. (Folge 4, 

Baiidiii.). Het'te 2-(). 1884. 

H. Ilofmanu. I’liter^uchiingon uber fo>sile Ilolzer, ]«5G. — K. Dalnier, 
Die geologisi'ben Verhaltnisse der hisel Elba, — II. Ilofinanii. 
Ueber Ptiiinzenicste aus> dem Kuolleii>tein von Meerane in Sachsen, 
450. 


. . Band Iviii. (Folgc 4, Band iv.). Heft 1. 18b.5. 

Havre. Socicte Geologique do Xormandio. Bulletin. Tome ix. 
(1882). I8s4. 

G. Lionnet. Notes* g<^ologique> et mineralogiqups sur la Hoiirboiile et 
les enviroiiN, 8.- (\ lh‘augrana. Le ( ’enoniani»‘n dt Villers->ur-Mei% 10. 
— E. SavalL*. Note sur un gi>ement de Curdium edulv a Keiierville, 18. 
— E. Savalle. Note Mir des Silev tailU^««, dt‘ la Periodic Nt‘(»lilliif]^ue, 
trouves a Octeville, hameau dti Tot, 20. E. Savalle. Note sur n.tat 
des Falaises, du Havre a (Vu\ilh*, pendant les annees ls*^l~>^2, 24. — E. 
Savalle. Note <jur line Station N«'olitliiq«ie, deiMui\ert(‘ it (\*iinille dans 
la plaine de Villeqiiier, 2<>. -F. Prudhomnus Note sur la poMtioii du 
Cap de la Ileve aaiis le** tempN hintorique'*, 27. — P. Bizet. Notice it 
rap])ui des profils g(''‘olngique'« des eheiinns de fer de Mortagne it Menil- 
Mauger <‘t de Mortagne it l.iuiijrle, .‘57. —G. Lennier. (Vmipt(‘-rendii d’une 
excur.Mon geologique a Saint-Jouin. Ainiftn* et Etn‘tat,50). — SkrodsKy. 
Note sur la prtiseiice it Till}-Mir-SeuJleN du Lrpidofm (dirmi% 01. — G. 
Lionnet. I’.xcuvMuns it Tancar\ille, Inllebonne, liolltee, Mir\ille, Feeainp, 
64. — C. A. Lesueur. Notice sur h‘> \ues et coupes du (’ap d(‘ la lleie, 
82. 


Hobart Town. Iloyal Society of Tasmania. Papers and Proceedings 
forl^s2. 1S8B. 

R. Etheridge, jun. A Descrijition of the ReiJiains of Trilobites from 
the Lower Silurian Rocks of the Mei’N^'v-Riter Di'^lrict, Tasmania, 150. — 
R. Ethorii Ige, jun. Brachiopotla from tin* Conglomerate of Titbit* Capo, 
168. 

. . 1883. 1884. 

. . 1884. 1885. 

R. M. Johnston. Notes regarding certain Fossil Shells otTumng at 
Table Cape, .supposed to be idenJeal vcitli living Hpt*cios, 100. — F. von 
Muller. References to Baron Constantin von littingshausen’s recent 
Observations on the Terti/irv Plora of Australia, 200. — R, Tab*. Notes of 
a critical Examination of the Molliisca of the older Tertiary of Tasmania 
alleged to have living renrt*s(*ntative.s, 207. - T. Steplit'n.s. Notes on 
Borinjr Operations in search of Coal in Ta.smania, 217, — R. M. Johnston. 
Description of a new Specitis of Viirina from tht* Travertin Beds, Geilston, 
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219. — R. M. Johnston. Additions to the list of Table Cape Fossils, 
together with further Remarks upon certain Fossil Shells supposed to be 
identical with living species, 220. — ^R. M. Johnston. Discovery of Ento- 
mostraca in the Upper Members of the Travertin Beds, GeUston, and a 
description of a new species of Cypru^ 224. — R. M. Johnston. Discovery 
of a Cone, probably of a species of Lepidostrohm, in the Sandstones of 
Campania, 225. — R. Tate. Description of new Species of Mollusca of the 
Unper Eocene Beds at Table Cape, 226. — R. M. Johnston. Descmtion 
01 a new Fossil Shell from the Eocene Beds, Table Cape, 232. — K. M. 
Johnston. Description of a new Species of Crepidtda from the Eocene 
Beds, Table Cape, 233. — Short. Summary of Observations on Earthquake 
Phenomena made in Tasmania during 18M.‘5 and 1884, 263. 

Institution of Civil Engineers. Minutes of Proceedings. Vol. Ixxvii. 
1884. 


-. Vol. Ixxviii. 1884. 
■, Vol. Ixxix. 1885. 


Knowledge. ISTos. 138-165. 1884. 

. Nos. 166-190. 1885. 

Lausanne. Socicte Vaudoisc des Sciences Naturelles. Bulletin. 
Sorie 2. Vol. xx. No. 90. 1884. 
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Maine, 278. — C. Duller. ZurS\nthese de> Ne])lielins, .‘>21. — A. Eoisliun*. 
Ueber kunstliche phy^ikaliK*he Veraiidtu-inigen der Feldsjiathe von l*aii- 
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Ijeyden. Geologische Reichs-Museuras Samnilungen. No. 10. 1884. 
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silicate double de zinc et d’alurainium hydrate, cxi. — G. Cesaro. Sur la 
probabilito de la Voltzine cristallis^e, cxii. — E. Delvaux. Note pr41imi- 
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de vert6bres fossiles dans FEocene inlilrieur de Belgique, cliv. — G. 
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de Stavelot, cxix. — M. Lohest. Decouverte de gisements de phosphate 
de calcium eii certains points de la Ile^baye, cx\. — E. Dehaux. Epoque 
quaternaire. Snr qu<.‘lquo> noinoaux fnignamts do blocs tuTatiques re- 
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geres du t(*rrain bouiller du Xi>rd, 201. — A. Six. Tn landtbiien eii 

Belgique, 212. — A. Six. Le*^ Crocodiles de liernisMirt, 214. — Barruis. 
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A. W, W'lterh. Closure of the Cyclostomatous Bryozoa, 400. 

. . . Vol. xviii. Nos. 104-106. 1884. 

l^ Martin Duncan. A Revision of the Families and Genera of tbe 
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Lisbon. Secyao dos Trabalhos Geologicos do Portugal. Communi- 
caqoes. Tomo i. Ease. 1 (1885). 1885. [Anciennoment : 
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Portugal, 113, — Rapport des iiiembres portugais des sous-commissions 
hispano-lusitanieiines en vue du Congrds geologique international dev^t 
avoir lieu a Bologne en 1881, 123. — R^nonse de la sous-commission 
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J. Croll. On Arctic Interglacial Periods, ;}(). 
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Analysift of an altered Siderite from Helton Beacon Lead Mine, near 
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Appleby, 62.—T. G. Bonney. Notes on a Picrite (Palaeopicrite) and 
other Bocks from Gipps’ Land, and a Serpentine from Tasmania, 64. — 
H. A. Miers. The Crystallography of Boumonite, 69. — R. H. Solly. On 
the tetartohedral devehjpment of a Crystal of Tourmaline, 80. — T. Oar- 
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J. W. Dawson. On Bhizocarps in the Palaeozoic Period, 10. — J. W, 
Dawson. Notes on Eozoon eanadensej 68. 

Moscow. Societd Imperiale des Naturalistes. Bulletin, 1883. 
Tome Iviii. No. 4. 1884. 

II. Trautschold. Bemerkungen zur geologischen Karte des Wetluga- 
Gebiets, 205. — A. de Gregorio. Une nouvelle Fleurotoma du Miocene de 
lltalie, Fleurotoma Renardi, de Greg., 301. — V. Sokol. [Materials for 
the Geology of the Crimea,] 309 (in Russian). 

1884. Tome lix. Nos. 1&2. 1884. 

. . Nouvcaux Memoires. Tome xv. Livr. L 1884. 

II. Trautschold. Die Beste permisclier Beptilien des palaontologischen 
Kabinets der Universitat Kasan, 5. 

Munich. Kbniglich-Bayerische Akademie der Wissenschaften. Ab- 
handlungcn. Band liii. Abth. 1. 1884. 

L. von Ammon. Ueber neue Exemplare von jura&sischen Medusen, 
103. 


. , Sitzungsberichto der Mathematisch-Physikalischen 

Classe, 1883. Heft 3. 1884. 

F. Pfaff, Untersuchungen uber die absolute Harte des Kalkspathes 
und Gypses und das Wesen der Harte, 372. 

1884. Hefte 1 & 2. 1884. 

Nancy. Societd des Sciences de Nancy. Bulletin. Serio 2. Tomevi, 
Fasc. 16 (1883). 1884. 

P. Fliche. Description d’un nouveau Cycadeosperrmm du terrain 
Juiassique moyen, 66. 
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The Extinct Lakes of the Great Kaain, 197.-^eolo^ at the Bntoh^- 
sociation, 217. — British Association, Section 0, Geology, 440, 0 - 0 , 003. 
— H. J. Johnston-Lavis. Earthquakes, 608. 

. Vol. xxxi. Nos. 784-809. 1884-85. . , . „ 

A. Geikift The CiystaHino Rocks of the Scottish Tliglilands, A>.— B. 
Tf, JPeacb and J. Ilnrno. Ilt^port on the dvolo'^v <»/ tin* ^orth-\M*fit Ot 
Sutherland f 81 . — W. G. S. Paterson. The iJt‘w Volcrtiiic Island ofl Iro- 
land, 37. — O. C. Marsh. TJio Clnv'^^ification and Atlinitios of Dinosaurian 
Keptiles, 68. — Tht' JOarthqnnko in Spain, liM), 237. — S. Luplon. Tin* ( 'onl 
Question, 242. — IJ. N. IVach. Ancit‘nt Air-Hnatlu'rs, 2? >5. — J. J. II. 
Teall. llie Scope and Method of IVtro‘n*aphv. 444.-- J. K. T(»nison- 
Woods. The Ilorneo Coal FiekN, — Sv. J). JJudle.ston. Fiirf]n*r 
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Valley Scheme, 614. 

. Vol. xxxii. Nos. MO-816. ISS/}. 

H. J. Jolm^ton-Laris. The new Oiilbur.'^t of Lava from Vesuvius, 56. 

Neuchatel. Socidtc des Sciences Naturelles. Bulletin. Tome xiv. 
1884. 

A. Jaccard. Note sur les sources de ('onilx'-tiarot, 63. — A. Jaccard. 
Les couches a Mi/ti/us dt*s Alpe'^ Vuudoists t‘t du Sinimimtlial et leur 
veritable horizon g^olo^que, L)2. — A. Jaccard. *Snrh‘s vertf‘}m'‘sfo.s.siles 
d^coinert.s r^cemmeiit dans rAiiK'^rique dn Nnrd, 161. ~ L. (3iarpy et M. 
de Tribolet. Note siir la prf^enc< (lu teriMin crcHacc'^ a Montmercy-la- 
Ville, arrondiASsement de Dole, Jura, 168. 

Newcastle-under-Lyme. Nortli-*Stiiilordsliire Institute of Mining 
and Mechanical Engineer-s. Transact ions. Vol. i. (1873-76). 
1876. (bvo.) 

C. J. Iloiner. The North Staffordshire Coal-tield, with the Iionstones 
contained therein, 102. — K. .V. 3Iarshall. Mineral Oil un found at the 
Deep Main Pil>, Ridding.^, DcMbv4iire, ]2r». —St'ctioii of Strata sunk 
through (\Ndth shaft Dlfei't diameter), at Ro‘-e Bridge ('ollieries, luce, 
near Wigan, 156. — Section of Strata sunk tlirouirh at Astley De<u) Pit, 
Dukinfiidd, 18L-~Thermomctrical Observations in the Dukinfiekf Col- 
Her}', PX). 

. . . Vol. ii. (1875 78). 1881. 

C. .1. Homer. The North Stafford shin* (\ial-field, witli the Ironstones 
contained therein, JJ. — (i.(i. Andre. la'ctun* on tJi<‘ (leologyof (k)al, 
102.~O. (t. Andrd. Cleavage Planes and their Influence on the Kcoiio- 
mical Working of Coal, 132. 

. . . V(d. iii. (1878-76). 1878-76. 

. . . Vol. iv. (1876-80). 1879-80. 

W. C. Williamson. On (k)al8 and Coal Plants, 151 . 

. . . Vol. V. (1880-81). 1880-81. 

Vol. vi. (1881-83). 1881-83. 

Vol. vii. Parts 1-7 (188:1-84). 1883-85. 

J. K, Haines. The Channel Tunnel, 16. 
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Newcastle-upon-Tyne. Natural History Society and Tyneside 
Naturalists’ Field Club. Natural History Transactions of 
Northumberland, Durham, and Newcastle-upon Tyne. Vol. 
viii. Part 1. 1884. 

G. A. Lebour. A Statement as to recent Publications relating to 
Anodorvta Jukesiij 30. — ^T. T. Clarke. The Yorkshire Caves, 59. — A. M. 
Norman. Presidential Address to the Members of the Tyneside Natura- 
lists’ Field Cub, 67 (Part II. The Abysses of the Ocean, 91). — S. Oswald. 
On a Perched Block of Sandstone in Lunedale, 181. 

. North of England Institute of Mining and Mechanical 

Engineers. Transactions. Vol. xxxvi. Parts 1-3. 1885. 

E, liaise. On the Manganese Deposit of the Islet of San IHetro, Sar- 
dinia, 145. — F. W. Rudler. Notes on Microscopic Sections of Hocks from 
San l^ietro, Sardinia, 159. 

. . An Account of the Strata of Northumberland and 

Durham, as proved by Borings and Sinkings. F-K. (8vo.) 
1885. 

New Haven, Conn. American Journal of Science. Ser. 3. Vol. 
xxviii. Nos, 1()3-168. 1884. 

F. W. Clarke and T. M. Chatard. Mineralogical Notes from the 
Laboratory of the United States Geological Survey, 20. — S. L. Penfield. 
On the Occur rence of Alkalies in Beryl, 25. — G. F. Wright. The Niagara 
Kiver and the Glacial Period, 32. — S. W. Ford. Note on the Discovery 
of Primordial Fossils in the Town of Stuyvesant, Columbia County, N.Y., 
35. — W. 1*. Blake. — Crystallized Gold in Prismatic Forms, 57. — A. Gray. 
Memorials of George Engel maun and of ().>wald I leer, 01. — M. E. Wads- 
worth. Notes on tli(‘ Rocks and Ore Deposits in the vicinity of Notre 
l)am(‘ Bay, Newfoundland, 04. — S. F. Peckham. The Origin of Bitu- 
iiums, 105. — S. B, Now))erry. On some Specimens of Nickel Ore from 
Nevada, 122. — W. M. Davis. Gorges and Waterfalls, 123. — F. H. Blake. 
Vanadinite in Pinal C^unt}-, Arizona, 145. — O. C. Marsh. On the United 
Metatarsal Bones of Cerafomw'tis, lOl. — S. II. Scudder. Triassic Insects 
from the Rocky Mountains, 199. — (). A. Derby. On the Flexibility of 
Itacolumite, 203. — S. W. Ford. On the Age of the Glazed and Contorted 
Slaty Rocks in the vicinity of Schodack Landing, Rensselaer County, 
N. ^ ., 206. — G, F. Becker. The lielatioiis of the Mineral Belts of the 
Pacitic Slope to tln^ Great Upheaval, 209. — J. L. Campbell. Geology of 
the Blue Ridge near Balcony Falls, Virginia, 221. — .1. S. Diller. Fulgur- 
ite from Mount Thielson, Oregon, 252. — G. 11. Williams. On the Para- 
morpliosis of Pyroxene to Hornblende in Rocks, 259. — J. 1). Dana. On 
the Southward Ending of a great Synclinal in the Taconic Rang^e, 268. — 
11. C. I.iewis. On supposed Glaciation in IVnnsylvania south of the 
Terminal Moraine, 276. — J. W. Mallet. On a mass of Meteoric Iron from 
Wichita County, Texas, 285. — W. P. Blake. Columbite in the Black 
Hills of Dakota, 340. — R. E. Browne. (Vituusm of Becker’s Theory of 
Faulting, 348. — J. 1). Dana. Note on the Cortlandt and Stoney Point 
llornblendic and Aiigitic Rocks, 384. — W. ^l. Davis. The Distribution 
and Origin of Drumlins, 407. — J. P. Kimball. Geological Relations and 
Genesis of the Specular Iron Ores of Santiago de Cuba, 416. — C. A. 
Schaeffer. A new Tantalite Locality, 430. — D. Walcott. Note on Paloeo- 
zoic Rocks of Central Texas, 431. — A. C. Baines. On the Sufficiency 
of Terrestrial Rotation for the Deflection of Streams, 434. — O. A. Derby. 
Peculiar Modes of Occurrence of Gold in Brazil, 440. — A. W. Jackson. 
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On Colemaxiite, anew Borate of Lime, 447.—^. D. Dana. On the Decay 
of Quartsyte, and the Formation of Sand, Kaolin, and Ciystallized Quartz, 
448. 

TSevf Haven, Conn. American Journal of Science. Ser. 3, Tol, 
xxix. Nos. 169-174. 1885. 

W. H. Brewer. On the Su^ension and Sedimentation of Clays, 1.— 
J. D. Dana. On a System of Rock Notation for Geological Diagrams, 
7. — A. Geikie. The fcn^stalline Rocks of the Scottish Highlands, 10. — 
S. W. Ford. Ohsen'ations upon the Great Fault in the vicinity of 
the Schodack Landing, Rensselaer County, N. Y., 16. — J. Croll. On the 
Cause of Mild Polar Climates, 20, 1.. Ewing. An Att<'mpt to 

determine the Amount and Rate of Chemical Erosion taking place in 
the Limestone (Cnlciferous to Trenton) Valley of Center County, Pa., 
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Regions, 29.— E. G. Smith. On the Clm^sotile from Siiipton, Canada, 
23. — O. A. Derby. The Santa Catliarina Meteorite, 33. — F. I). Chest^'r. 
The Gravels of the Southern Delaw^are Peninsula, 30. — J. D. Dana. 
Decay of Quartzyte : Pstmdo-breccia, 37. — J. W. Powt‘ll. Tlu‘ Organi- 
zation and Plan of the I'nited States (Jeological Sur\ey, 1>3. — C. D. 
Walcott. Pala nntokigic Noto>, 114. —J. II. Kinahaii. — Use of the term 
“Esker^ or K^ni Drilt, 133. — J. A. l*t‘rrv. Note on a F(>s.sil Coal 
Plant found at tin* Gnijdiite dt^po.^it in Mica-schist at Worcester, 
Mass., 137. — L. K. Hicks. The Test Wi ll in the ( arhoniferous For- 
mation at Drown ville, 139, — <). C. Marsh. Monograph of the 

Dinocerata, 173. — J. D. Dana. On Taconie Rocks and Stratigraphy, 
with a (ieol(»gical Maj) <»f the Taconic region, 203.—- C. A. Wiiite. 
Notes on the Jurassic Strata of North America, 228. — N. T. Lupton. 
Met*H)ric Iron from C\»ahuila, Mexico, 232. — R. 1). Irving. Di'V'i- 
sibility of the Archfcan in the North-west, 237. — W. K. Hidden. 
Mineralogical Notes, 241). — C. A. White. I'he Genus Pj/rffuliff^ra, Meek, 
and its Associates and C’ongeners, 277. — E. W. AN ilkinson. On the Oc- 
currence of Native Mercury in the Alluvium in LouLiana, 280. — C. G. 
Rockwood. The Earthquake^ in Spain, 2^2. — J. M. Clarke. On Devo- 
nian Spores, 284. — T. M. Keacle. Denudation of the two Americas, 290. 
— J. Croll. On Arctic Interglacial Peri od.‘», 300. — C. I). Walcott. Pale- 
ozoic Note.s; New Genus of Cambrian Trilobites, 328. — 

Le Roy W. Mc(Jay. Massive SatUorite, 300. — F. AV. Clarke and J. S. 
Diller. Topaz from Stoneham, Maine, .378.— C. A\Jiillles<*y. The Pre- 
glacial Channel of Eagle River, Keweenaw Point, Lak(‘ Superior, 392. — 
— S. W. Ford. Note on the Age of the Slaty and Arernvceous Rocks in 
the vicinity of Schen<‘Ctady, Sdumectady (’ounty, N. Y., .397. — J. D. 
Dana. Taconic Rocks and Straligra]»hy, 437. -J. F. Whiteaves. Notes 
on the powiibleAge of some of the M(‘.sozoic Rocks of the Qu(‘en (’horlotte 
Islands and Rriti.<-h Columbia, 444.— S. L. Penfield. ( ’rystalliz<Hl Tie- 
mannite and Metacinnabarite, 441). — A. G. Dana. Gahnite of Rowe, 
Mass., 433. — O. Meyer. The Genealogy and the Age of the Species in 
the Southern Old-tertiary, 437. — C". If. Shepard. Meteoric Iron from 
Trinity County, (’alifornia, 409.— H. I). Campbell. The Potsdam Group 
east of the Blue Ridg(‘ at Balcony Falks, Virginia, 470. — A. iJndenkohl. 
Oeolog}' of the Sea-bottom in tin* Approaches to the New York Ray, 476. 
— B. F. Koons. Kettle-Holes of the Wood’s Holl Region, Mass., 480. — 
Q. H. Williams. Cause of the apparently Perfect Cleavage in American 
Sphene (Titanite), 486. 

New Haven, Conn. Connecticut Academy of Arts and Sciences. 
Transactions. Vol. vi. Part 1. 1884. 
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Newport), R. 1. Natural History Society, Proceedings, 1883-84. 
Document 2. 1884. 

T. N. Dale. The Geology of the tract known as Paradise,” near 
Newport, 3. — T. N. Dale. Remarks on some of the Evidences of Geolo- 
gical Disturbance in the vicinity of Newport, 6.— E. F. Clark. Studies in 
the Rhode-Island Coal Measures, 9. — A. D. Wilson. A Trip through 
North-western Wyoming, 25. 

New York. Academy of Sciences. Annals. Vol. iii. Nos. 1 & 2. 
1883. 

. American Institute of Mining Engineers. Transactions. 

Vol. xii. 1884. Presented by Win, Whitaker Esq,, F,G,S» 

A. S. McCreath. The Iron Ores of the Valley of Virginia, 17. — C. R. 
Boyd. The Ores of Cripple Creek, Virginia, 27. — C. H. Hitchcock. The 
Geological Position of the l^liiladelphia Gneisses, 08. — P. Frazer. An 
Hypothovsis of the Structure of the Copper Bolt of the South Mountain, 82. 
— C. II. Henderson. The Copper Deposits of the South Mountain, 85. — 
J. C. Smock. Geologico-geographi(‘al Distribution of the Iron Ores of 
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Geology of Alabama, 141. — F. P. Dewey. Some Canadian Iron Ores, 192. 
— 11. ]V1. Howe. A Systematic Nomenclature for Minerals, 238. — P. 
Frazer. The Noithern Serpentine Belt in Chester County, Pa., 349. — P. 
Frazer. The P ach Bottom Slates of South-eastern York and Southern 
Lancaster Counties, 355. — T. S. Hunt. The Apatite Deposits of Canada, 
469. — ,T. P. Kimball. The Quemahoning Coal-field of Somerset County, 
^Pennsylvania, 4()8 ~W. H. Adams. The Pyrites Depo«»its of Louisa 
^unty, Va., 527. — P. Frazer. Certain Silver imd Iron Mines in the 
Btates of Nuevo Leon and C^iahuila, Mexico, 537. — N. W. Perry. A new 
‘"lineral, (>28. — W. B. Devereux. Notes on Iron-Ore Deposits in Pitkin 
aty, Colorado, G38. 

ihampton. Northamptonshire Natural-History Society and Field 
Club. Journal. Vol. iii. Nos. 19 & 22. 1884-85. 

C. A. Markham. Tlie great English Earthquake, 107. — B. Thompson 
id T. J. George. A Catalogue of the Geological Collection in the North- 
impton Museum, 154. — B. Thompson. On Swallow-Holes and Dumb- 
Vells, 159. — ^Ilenry ,T. Eunson. On a probable Fault in the Lias under 
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shire, 182. — B. Thompson and T. J. George. A Catalogue of the Geolo- 
gical Collection in the Northampton Museum: Part III. The Carbonife- 
rous System, 240. 
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(Two copies.) 

J. S. Gardner. A Monograph of the British Eocene Flora, 'vol. ii. 
part 2 : Gymnospermia. — T. Rupert Jones, J. W. Kirkby, and G. S. Brady. 
A Monograph of the British Fossil Bivalved Entomostraca from the 
Carboniferous Formations, part 1, no. 2 : The Cypridinadae and thep 
Allies. — II. Woodward. A Monograph of the British Carboniferous Tri- 
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0 2 



146 


AODinom TO IHB UBBAUT. 


ComptcB Bondus. Tome xcviii. 


Paris. Acaddmie des Sciences. 

JS'd. fmcU6c.to. d. Sleow™, 1001. 

Tomoxcix. Ntw. 

Zi'illor. Sur im nouveau jrenn' do (miinca du terram 


R. Zeilier. 



t\s. Sur la tU*s i iniron^ tUi Kef!*, 

Iv lerntin curlh)iiii7'rt' ^J**.** iyr<'nt*»'W 


Quatrieni*' note junir 
QwJet.s cit* houi]]«‘, — 1*. Mare? 

Ynnisio, I^artvt. Siir h • i i ‘tt 

train*, — A. Carnot, Sur la rowpo'-ition t>t In* qutiljtof* do m hnuiilo. 

eu ejrarti u la nature des plniit«*s (^iii JVuit forniee, L IHouhifait . ( hi- 

ffiiie dt‘s pliosphoritt's et des ar^nle.s fernigineust'", *J7}{C -L. (Vi«\ (’ontri- 
Duti<>us ii 111 tiore pliocene de Java, — Hreoii et KorthaN. Sur Tetat 
actuel du Knikatau, .‘iHo. — L. Jlieulaluit. Xou\ elle coiitriluition a la qu«*s- 
tion d’ori^dne des phosphates de ehaux du .siid-oue.'-t de la hVanet*, 410. — 
C. Maiu). ()b.sei*iati(»ns p:t^)lopiqiie> sur le laixsi^^e de.s ( ‘ordillere.s par 
risthiue de Manama, oT'd,— \, Favre. ('arti* du ])heneiuene tumth^ue et 
de> aneiens p-Iacier.- du ver.'vnut uord des Al})e«» Miisses et de la chaine du 
Afoiit illanc, oOO. — A. Vivier. Analy.se <le Fapatite d<» Lo"rt*zaii, ]0.spfl^ne, 
700. — F. (lonnard. Sur uiie pep^niatile a jrrands cristaux de clilorophyl- 
lite, des liords du Vize/y, jues de .MoiilbiFoii, Loire, 711. — .\. (taud’ry. 
Nouvelle note sur les reptiles jx rmieii'*, 7.*C. — I-. Dieulafait. Orijrine et 
mode de Ibriiiat ion des pliosphates de ehaux eii aiuas dims les tt^rrains 
sedimeniaires ; leiir liaison a\ee les miin‘rai.s de fer et les ar^dles de.s 
bL)riz<»ii,s Mderoliti(|Ue'<, hid. — A. F. Marion. Sur les caracteri's 4’u^'t* 
ConilV-re tertiaire, vuisine des IhinuuareeN {lioliosirohm Stmtix nfi)^ry'2\. 
— (i. ( ’otteau. Sur les calcaires a Fehinide-* de Strambertr, Moravi^ h.d({. 
— 1*. de ( lUsparin. ('’uiitributinii a I’eiude <le.s writes pin »sphates dans la 
r^^nori du sud-esl de la France, >d0.--F. (buinard. Adilition i line 
Neie sur une ])eirmatite k ^Tands cri.staux de chlorophyllitc* de.s boirF du 
Vizezy, pres <le Montbii.son (Loire), h'sl . — Ferrotin. Sur un treniblenient 
de tern* r€*-««enii a Nice le :^7 noienibre, IHKI. — (i. Lindstnini. Sur un 
Scorpion du terrain .siluricn de Siu'^le, O-Sl. — F. Ibireau. Sur la jin^sence 
de I’tdap’e hoiiiiler iiioyen en Anjou, 10d(». — (iraiid’Kury. Fossibv, du 
terrain houiller, trouie.s dans le puit.s de recherche de Lubiere (ba‘«sin de 
J3ras.sac i, lOOd.— Stan. Meunier, Le kersanton du Froi.sic, lido. ~F. 
Goiinard. Sur uii plu^nonieiie de cristallop'enie, a profxKs de la Huorine 
de la roche Cornet, jire.s de Font'ribaiid ( riiy-de-I)dine ), J l.dd.— C. Hronjr- 
niart. Sur la decuuverte d’une empreinte irin.seett* dan.'- le.s jrres siluriens 
de Jurques, Calvados, 1 HU. — Stan. Meunier. Sur un verre twtallifere 
dch houillei-cM embrasees de Commeutry, 1 1 00. 


Tome c. A" os. 1 24. ]SS5. 

E. ILSbert. Sur le^ treniblements de terre du midi de I'P^pn^ne, 24. — 
B. lienault et IL Z<*iller. Sui uii EquMum du terrain houiller superic'ur 
de Commentrv, 71 . — J. MacphfTson et A. Duubrr'e. Sur le.s tremblenients 
de terre de l^Viidalousie du 2od7cembre lh84 et Rcmiaines suivanfes, IdO. — 
A. Germain. Sur quelqiif*s-uuc.s des partieularitt^s observees dans les r^cents 
tremblements de terre de TlOsjmgne, 101. — I. Domeyko. Obsi'rvations ro- 
cueillies sur lea tremblements de terre* pendant quai ante-six ans st^jour 
au Chili, 193. — E. de Botella. Obsen'ations sur lea trembleiiumtH de terre 
de I'Andalou-sie du 2o d*k‘embre 1884 et semaines suivant«*a, 190. — Da 
I'raia. Secousses de tremblenients de terre reasenties aux Azores lo 22 
d^cembre 1884, 197.~A. Terreil. Analyse d’une chrysotile (serpentine 
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fibreuae ayant I’aapect de Tasbeste) ; silice fibreuse resultant de Taction des 
acides sur lea serpentines, 261. — A. F. Nagu^s. Ph^nomenes ^^ologiques 
produits par les tremblements de terre de TAndalousie, du 26 d^cembre 
1884 au 16 janvier 1886, 263. — L. Dieulafait. Composition des cendres 
des Equisetac^es : application a la formation bouill^re, 284. — G. Pouchet. 
Des derniers ^chouements de C^tacds sur la cote fran^aise, 286. — ^F. Laur. 
Influence des baisses barom^lriques brusques sur les tremblements de 
terre et les ph^nomenes iSruptifs, 289. — A. Gaudry. Sur les Ilyenes de 
la grotte de Gargas d^couvertes par M. F^lix Regnault, 325. — H. Gorceix. 
Sur des sables a nionaziles de Camvellas, province de Bahia, Br($sil, 366. 
— P. Fischer. Sur Texiatence de Mollusques pulmones terrestres dans le 
terrain permien de Sadne-et-Loire, 893. — J. Macpherson. Tremblements 
de terre en Espagne, 897. — Delamare. Tremblemcnt de terre ressenti a 
Landelles, Calvados, le 1 fevrier 1885, 899. — L. Dieulafait. Origine des 
minei-ais mdtallifdres existant autour du plateau central, particulierement 
dans les Cdvennes, 469. — Vaiiukoff. Sur les r^sultats recueillis par M. 
Sokolotf concernaiit la formation des dunes 472. — F. Fouqud. Premieres 
explorations de la mission cliargee de Tetude des recents tremblements de 
terre de TEspagne, 698. — H. Iteiiault et II. Zeiller. Sur des Mousses de 
Tepoque houillere, 660. — L. Dieulafait. Origine des minerals de fer, de 
manganese et de zinc, existant autour du plateau central, dans les pre- 
miers calcaircs jiirassiques et a la base de ces calcaires, 662. — Stan. Aleu- 
nier. Sur un ddpdt de source, provenant de Oarmaux, Tarn, 666. — A. 
Gaudry. La nouv(‘lle galeri(‘ de Pal^ontologie dans le Museum dTIis- 
toire uaturelle, 608. — V. Lemoine. Sur les analogies et les diflerences du 
genre Simoedoaaure, de la faune cernaysienne des environs de Heims, avec 
le genre Champsosaun' d’Erquelinnes, 758. — F. A. Forel. Bruits sous- 
terrains enteiidiis le 26 aout 1888 dans Tilot de Caiman-Brae, iner des 
CJaraibes, 756. — L. Dieulafait. Explication de la concentration des minerais 
de zinc carbonate dans lt*s terrains dolomitiqnes,815. — Miinier-Chalmas et 
J. K. Schlumberger. Sur h's MiliolidtVs tieuiatophorees. 818. — B. Renault 
et R. Zeiller. Sur un nouveau tvp(* de Coj’dait^e, 867. — L. Cri(5. Con- 
tribution a Tetude de^ Fougeres {^ocem^s de Touest de la France, 870. — J, 
ISlartin. Le souleve de la C\")te-d’Or e^t post^rieur a Tepoque albienne, 
872.— L. Vaillanf. Reraarques compl^mentaires sur les Tort ues gigan- 
tesques de Madagascar, 874. — Stan. Meunier. Existence du calcaire k 
Eusiilines dans le Morvan, 921. — Faye. Concordance des epoques g6olo- 
giqiies avec les epoqms cosmogouiques, 926. — L. Dieulafait. Nouvelle 
contribution a la question de Tficide borique d’ origine non volcaniqiie, 1017. 
— E. Destd. Foret fossile de T Arizona, 1019. — L. Dm. Sur la recherche 
des sources au voisiiuig<* de Gabes, 1020. — F.Fouqiu?. Explorations de la 
Mission chargt^e de IVHude des tremblements de terre de TAndalousie, 
1049. — M. Levy et J. Bergeron. Sur la constitution gi^ologique de la 
Serrania de Honda, 1064. — M. Tk'rtraud et W. Kilian. Sur les terrains 
secondaires et tertiairos de TAiKlalousie (provinces de Grenade et de Ma- 
laga), 1067. — C. BiirroLs et A. Otlret. Sur la constitution geologique de 
la Sierra Nevada, des Alpujarras et de la Sierra de Almjarra, 1060.-- 
0. Oraiid’Eury. — Sondagede Ricard a la (Iraiid’Combe, Gard, 1110. — F. 
Fouque. Relations entre les pht%oraenes pr^sent^s par le trt^mblemont 
de tt'rre de TAndalousie etla constitution g6ologique ae la region qui ena 
6t6 le si^gc, 1 118. — R. Zeiller. Determination, par la flore fossile, de Tt^e 
relatif des couches de liouille de la Grand’Combe, 1171. — Guillemin- 
Tarayro. Sur la constitution mindralogique de la Sierra Nevada de Gre- 
nade, 1231. — B. Renault et C. Eg. Bertrand. Grilletia sphferospermii^ 
Chytridiaede fossile du terrain houiller supdrieur, 1306. — l)e Montessus. 
Sur les tremblements de terre et les druptious volcaniques dans TAmdrique 
centrale, 1318. — Stan. Meunier. Synthdse accidentelle de Tanorthite, 
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1350. — C. Velain. Le p^n^en dans la region des Vospes, 1366. — A. Ino- 
stranzeff. Appareil comparateur pour l^tude des mjn6raux non trans- 
parents, 1396. — Stan. Meunier. Sur un silex enhydro du termin quater- 
naire de la yall^e du Loiiig (Seine-et-Mame), 1398. — L. Edrolle et C. 
Deperet. Sur le mioc^no supt^rieur de la Cerdagne, ]399. — F. Fouqiid. 
Propag ation de la secousse de treiublement de terre du26 dt'^ceinbre lh84, 
1486. — G. de Saporta. Sur un type vegetal nouveau provenant du coral- 
lien d’Auxey (Cote-d’Or), 1440. — G. Cotteau. Con sidt^rat ions sur les 
Ecbinides du terrain jurassique en France, 1616. — A. de Schulteii. Ke- 

S roduction ai*tificielle de la strengite, 1622.— J. IVIacpherson. SymiHrie 
e situation des lambeaux arcbdens des ver&ants du Guadalquivir: rap- 
port avec les principales dislocations qui ont donnd a rEspagne son 
relief, 1624. 

Paris. Annales des Mines. Serie 8. Tome iv. livraison de 
1883. 1883. 

E. Lappierre. Note sur le bassin houiller de Tote, region du Zaiubezt*, 
586. — It. Zeiller. Note sur la flore du bassin houillc'r de 'I'ete, 694. 

. . . Tome V. 1‘ livraison de 1 88 L 1 884. 

M. Luceyt. M6moii-e sur le bassin houiller du Lancasliire, 6. 

, . . . 2‘‘ et 3‘ livraisons de 18S4. 1884. 

Temier. Etude sur les eruptions du Ilartz, 243.— Kuss. Note 
sur lea filon'* de quartz aurifere de I’Atajo, proMnce de Catainarca, Re- 
publique Aigentino, 379. — A. de Ihnet. Nutt' sur line e^ploilation do 
diamant' pres de Diainantina, province de Minas Geme^j, JJiesil, 466.— 
A. Carnot. Sur la comjiosition de la houille, Jhilletiu, 646. 

. . . Tome vi. 4'‘-0‘* livraisons do 1884. 1884. 

Revaux. Etude des tra%aux executes an tunnel de TArlberg, 269. — 
Lariviere. Notes d’un voyage aux ardoisieies du Pays de Galles, 
505. 


— . . . Tome vii. P' livraison de 1 886. 188»6. 

A. Carnot. Analy>es des eaux mineiales fran^aises ex(?culeos au 
Bureau d’essai de I’Ecole des Mines, 79. — Hracoimier. Note sur Teau 
mindrale sulfatee magii^‘sienne de Ch-uzy (Ilerault), 143. — Bulletin des 
travaux de chiinie executes en 1883, par les ingdnieurs des mines dans les 
laboratoires d^partementaux, 146. 

— . Annales des Sciences Geologiques. Tome xvi. Nos. 1 & 2. 
1884. Purchcised, 

G. Va'sseur. Sur le dl^pot tertiaire de Saint- Palais pres Royan (Cha- 
rente-Inferieure). — G. Cotteau. Ecbinides du terrain docenc "de Saint- 
Palais. — E. Fontannes. Note sur quelques gisements nouvi'aux des 
terrains miocenes du Portugal et description d’un ])ortunien du genre 
Achelous, — H. Filhol. lie la restaurati m dii squelettc^ d’un Dinocerata. — 
L. Dieulafait. Etude sur les roches ophitiques des i*yr6ndes. — L. Dollo. 
Les d^couiertes de Bemissart. 

. . . Nos. 3 & 4. 1885. Presented hj M. HeheH 

and M, A, MUne-Edwards. 

P. Gourret. Constitution gcologique du Jjarzac et des Causses m^ri- 
dionaux du Languedoc. 
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Paris. Annales des Sciences Naturelles, Zoologie et Paleontologie. 
Sdrie 6. Tome xvii. Nos. 1-6. 1884-85. Purchased, 

G. Lindstrom. Sar un Scorpion du terrain silurien de Suede, No, 10. 

. . . . Tome xviii. Nos. 1-3. 1884. 

Purchased, 

. Association Prangaiso pour TAvancement des Sciences. 

Compte Ilendu do la 2“ Session, Kouen, 1883. 1884. Pur- 

chased, 

R. P. Denza. La Met<3orite d’Altianello, 337. — E. Bucaille. Sur la 
repartition des dchinides dans le systeme cretace du departoment de la 
Seine-Inferieure, 420. — .J . Clouet. Etude sur la cliaux pnosphatee natu- 
relle de la Seine-Interieure, 435. — G. Cotteau. Note sur les echinides ter- 
tiaires des environs de Saint-Palais, 444. — C. Barrois. liechercliea sur 
les terrains anciens des Asturies et de la Oalice, 445. — J. J. Amielle. 
Origine des houilles et des combustibles mineraux, 458. — A. Peron. Sur 
un groupe de fossiles de la craie superieure, 401. — P. l*etiton. Etude 
p^trograpliiquo des roclies de rindo-Cbine, 470. — A. Le Marchand. 
liapport sur les excursions faites par la section de Gdologie pendant le 
Congres de Kouen, 1883, 481. — A. Guyerdet. Fragments de Geologie 
Normande, 485. 

. Journal de Conchyliologie. Serie 3. Tomo xxiv. No. 2. 

1884. Purchased, 

. . . . No. 3. 1884. Purchased, 

E. Vassel. l)(‘scripti()n d’une nouvelle espece de Pevten fossile du 
Canal de Suez, 331. — Dante Pantanelli. Sur le Muy'CA' Hdrnesi) d’ Ancona 
(non Speyer), 332. 

, . , . Xo. 4. 1884. Purchased, 

, . . Tome XXV. No. 1 . 1885. Purchased, 

L. Morlet. Description de Coquilleh fossiles du Bassin Parisien, 48. 

. Museum d’Histoire Naturellc. Nouvcllcs Archives. Serie 2. 

Tomo vi. Ease. 2. 1884. 

. Kevuc Scieutifique. Serie 3. Tome xxxiii. No. 26. 1884. 

. . . Tome xxxiv. Nos. 1-26. 1884. 

. . . Tomo XXXV. Nos. 1-25. 1885, 

. Societe Geologi(|ue de France. Bulletin. Serie 3. Tomeix. 

(1881). No. 7. 1884. 

G. Lory. Coursi* du 4 Septembre, aux carrieres de la Porte de France, 
aux exploitations de ciiuent et au plateau do la Bastille, 582. — C, Lory. 
Course du 5 Septeiubrt', do Grenoble a la Grande Chartreuse, 565. — C. 
Lory. Course du 7 Septembre de Grenoble a Sassenage et a rEchaillou, 
610. — C. Lory. Course du 8 Septembre de Grenoble a Vizelle et au 
Bourg-d’Oisans, 620. —C. Lory. Excursion des 9 et 10 Septembre du 
Bourg-d’Oisans a la Gra^e, et retour, 632. — C. Lory. Sur les schistes 
cristallins des Alpes occidentales et sur le role des failles dans la structure 
g^olomque de cette r<5gion, 652. — E. Ildbert. Sur la position des calcmres 
de rEcnaillon dans la s<5rie secondaire, 683. — J, Gosselet. Comparaison 
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autre I’Ardeime et lea Alpes, 689, — 0. Lory. E4sumd de la course du 
Icmdii 12 Septembre 1881, 096, 701. — Kiiss. Note sur les filons de 
fer spathique du canton d’^lllevard, 699, 

Paris. Societe Geologique de Prance. PuUetin. Sdrie 3. Tome x. 
(1882). No. 7. 1884. 

E, Ht^bert. Aper^u gt^n<5ral sur la g^logio dea enrirona de Foix, 523. 
— R Hubert Compte-rendu de la course du 18 Septembre ^ Varilbes 
et Sain W ean de V erges, 53 1 . — C. do Lacoi vier. Compte-rendu de I’excur- 
sion de Vemajoul a Hanlon, 538. — C. de Lncoi\ ier. (^ompte-rendu de Tex- 
cursion de Foi.x a 1 *radiert»s, 543. — E. bert. S ur la struct lire geologique 
du vallon de IVadieres. 548, — C. de LR(*oivior. Coiiipte-rendu de I’exciir- 
sion de Montgaillard, f551. — K. llt%*rt. Compte-rendu de rexcursion de 
Foix a Lavelanet, et sur Tetagt' garumnien. 55(). — nt^beil. Sur FEtage 
ganimnien, 557. — E. IK^bert. Coupe au nord du Moulin d'lllnt, sur la 
rouU' du Carla. 55*^. — E. Hi5bert. Coupe de la Cliise de P«5reille, 5(>0. - 
E. IL bert. l>ispositiv)U du terrain tertiaire a La\elanet, 5()5. — C, de 
Lacohier. (\mipU -rendu de iVvcuiMon de Hemiv et de Villeneuve- 
d’Olmes, 570. — L. llebtut. ()b<er\atioii8 '-iir la coupi* de Villeih*uv<*- 
d’Olmes a Moutferrier, et par suite sur la pc»sition de-^ (hvs de eelles duns 
la serie cretac’tv , 573. — E. Ilt^ert. Succe.‘'''ion do eoueIit‘S du terrain 
cr^tac<5 ^upe^eur a Saint-Gii*ae, 577. -E. n<3>i rt. ( ’oinple-rendu de 
Texcursion du 22 '^eptembre a Tare^con et 5*^5. — Poueeb. Note 

sur le massif calcaire de Tarasc<)n-U>*'at. — < ’. <le LacoiA ler. ( 'oinpte- 
rendu de revcursion du ^amedi,23?>eptembre, a \’icdeNvos, (jOO. — E. Hi?bert. 
Compte-rendu de re\cur5on du mauii. 2(5 Se})tembie, de Saiut-( Jirons a 
SaintrCroix, 014.- -K. Hebert. C(unpte-rendu (U* TexcurMon du mercredi, 
27 Septembre, de 8aint-Croix a Audinac. 022. — Poueeb. Coupes gf‘o- 
logique^ dans la legion N,-0. du dt'^partement de I'Anege. (532. — Ma}er- 
Eyniar. Note sur terrains tertiaires de TAriego, (537. — Fj. Hebert. 

de la Se»iun, (543. — E. Hi'bert. Le ren\erst‘iiient de Cadarcet 
et le Gault de Garrad(mmenc\ , 0(50.— E. Hebert. Sur la fautie de IVtage 
danien (assises. supdrieure et mojenne) dans le> Pyrenees, 004. 

Tome xi, (1883). No. 8. 1884. 

J. Gosselet. (^omptc'-rendu de la cour.'^e du 2 SepU'mbre aux carrien^s 
a chaux hAdraulique de Cbarle\ille et a la trancbtV du mo ulin Prion, 
634. — J. GoS‘<(‘let. E\pos(5 geD($nil de la structure de TArdenne, et rap- 
port des couches primaires axec le*- terrains secondaircs et tertiaires, (5.3(5.— 
A. Renai’d. Note sur la structure et la composition dt‘8 pb}llade'- arden- 
nais, (>*‘18. — J. (TOx-elet. Compte-rendu de la course du 3> Stqitombre de 
Charleville a Moiitbermd, 042. — J. Go'^.selet. Ex])osi5 de la structure du 
terrain d^vonien aux eimrons de Cbarle\dlle, 04(5. — J. Gosselet (‘t A. 
Renard. Compte-rendu de Texcursion du 4 Septembre, de DeA'ille a 
Revin, (540. — J. Gosselet. Compte-rendu de la course du 5 SepU*mbre, 
fiur le plateau du Franc-Pois, dan*- b* ravin de TOurs, et a la roche-aux- 
Corpias, 650. — .1. (rosselet. Observations sur Lj limon des plat(*aux do 
PArdenne, sur les arkoses metamorpbiques du Franc-Pois de V\311ergie et 
sur la structure du massif cambrien de la presqu'ile de Rocroi, (502. — J. 
Gosselet. Geographic de rArdenno au commencement de I’epoque devo- 
nienne, 0(58. — J. Cfosselet. Compte-rendu de la course du 0 8eptembre do 
Fumay a Vireux, 073.— J. Gosselet. Compte-rendu de la course du 7 
Septembre, de Vireux a Givet, et aux enAurons de Givet, 077. — M. Mour- 
lon. Sur le gres du Signal d’Asfeld, observe pres de la citadelle de 
Charlemont, (580.— J. Go.sselet. Classification du terrain devonien de 
PArdenne, 682. — E. Dupont. Compte-rendu di* la course du 8 Septembre, 
de Mariembourg k Dourbes et a Fagnolle, 086. — M. Mourlon. Sur la 
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question dost faci^, k propos du classement stratigrapliique des d4p6ts 
femenniens de la Belgique et du nord de la France, 692. — E. Dupont. 
Oompte-rendu de Texcursion du 10 Septembre de Merlemont a Sautour, 
Neuville, Boly et Matagne, 702. — E. Dupont. Observations sur les cal- 
caires coralliens du d<5vonien sup^rieur, 704. — M. Mourlon. Compte- 
rendu de Texcursion du 11 Septembre, de Heer k HastiSre, dans le terrain 
fammenien (ddvonien siip^rieur), 708. — E. Dupont et M. Mourlon. 
Compte-rendu de la seconde partie de Texcursion du 11 Septembre, de 
Hastmre k Waulsor, Freyr et Dinant, 715. 

Paris. Societe Geologique de France. Bulletin. Serie 3. Tome xii. 
(1884). Nob. 4-8. 1884. 

E. Jannettaz. Mdmoire sur les clivages des rocbes (scbistosit^, Ion- 
grain), et sur leur reproduction, 211. — F. Ameghino. K^sum^ d’un 
moire de M. Adolphe Doering sur la G6ologie Argentine, 236. — 0. Dep^ret. 
Nouvelles etudes sur les ruminants pliocenes et quaternaires d’ Auvergne, 
247, — A. de Lapparent. Note sur les roches ^ruptives de Tile de Jersey, 
2S4. — E. Fallot. Note sur un gisement cr^tac^ fossilifere des environs de 
la gare d’Eze (Alpes maritimes), 289. — II. Kuss. Note sur la constitution 
geologique d’une partie de la Zamb^zie, 303. — M. Bertrand. Rapports de 
structure des Alpes de Glaris et dubassin houillerdu Nord, 318. —F. Fon- 
trinnes. Note sur la faune et la classification du “ Groupe d’Aix,” dans le 
Gard, la Provence et le Dauphin^, 330. — M. de Baincourt. Note sur des 
gisements fossiliferes des sables moyens, 343. — E. Ilaug. Note sur 
qiielqu<*s especes d^Vmmonites nouvelles ou peu connues du Lias sup^rieur, 
346. — F. Foulannes. Sur une des causes de la variation dans le temps de 
faunes malacologiqiies, a propos de la filiation des Pecfen restittitetuu et 
laiissimm, 357. — P. d(' Bouville. Note sur le D^voiiieu de ITItSrault, 364. 
— B. Zeiller. Sur la donouiination de quelques nouvea ux genres de Fou- 
geres fossiles, 30(). — ("ossmann. Sur un M^moire concernant la faune 
de I’etage bathonien en F r.iiice, 370. — A. Gaudry. Sur un Sirenien d’espece 
nouvelle trou\ dann le bassin de Paris, 372. — F. Fontaiines. Sur un nou- 
veau gis('ment fo'^silifert' des marnes plaisanciennes de Saint-Aries, situ6 
pres d’Eyguieres (liouches du Bhone), 376, — A. Parran. Notice sur les 
travaux gt^ologiques de Louis Gruner, 380. — D. (Ehlert. Etudes sur 
quelques Brachiopodes devoniens, 411. — Bleicher. Note sur la limite 
inf«$rieure du Lias en Lorraine, 442. — F. Fontannes. Note sur la presence 
des sables a Potamidvs Basteroti dans la vall<5e de la Ceze (Gard) ,^447. — 
M. Bertrand. Faill(*s courbea dans le .Tura, et bassins d’afFaissement, 
452. — F. Fontannes. Note siu* la constitution du sous-sol de la Crau, et 
de la plaine d'A-s ignon, 403, — L, Dru. Note sur la geologic et I’hydrologie 
de la region de Ilechtaou (Kussie-Caucase), 474. — J. Marcou. Notes k 
I’occasion du prochain Congrcs gt^ologique international avec des remarques 
sur les noms de^ terrains fossiliferes les plus anciens, 517. — J. Bergeron. 
Note sur les strobiles du Walchia piniformisy 533, — ^II. Gorceix. Gisement 
de diamants de Grao-Mogor (pro^dnce de Minaa-Geraes), Br(5sil, 538. — 
Marquis de Raincourt. Note sur la faune do Septeuil, 549. — L. de Sarran 
d' Allard. Becherches sur les dt^pots flu\io-lacustres antdrieurs et post^- 
rieurs aux assises marines de la craie supdrieure du ddpartement du Gard, 
553. — Bourgeat. Note sur la ddcouverte de trois lanibeaux nouveaux de 
cdnomanien dans le Jura, 630. — G. Bolland. Rdsumd des observations 
do M. T. Kjerulf sur les dislocations de la vallde de Christiania, 637. — 
Lodin. Note sur la constitution des gites stanniferes de la Villeder (Mor- 
bihan), 646. — E. de Boury. Observations sur quelques especes nouvelles 
du bassin de Paris, ddcriU\s par M. le Marquis de Raincourt, 667. — R. 
Zeiller. Sur des traces d’insectes simulant des emprtdntes vta* tales, 676. 
— R. Zeiller. Note sur la compression de quelques combustibles fossiles, 
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680.— A, Pavlow. Notions sur le systfeme jurassi^e de TEst de la Russie, 
686. — A. Tardy. Nouvelles observations sur la firesse ou de la jonction 
dtt Pliocene et du Quaternaire) 696. — C. Lory. Remarques au su^et des 
Al^s de Glaris et des allures du terrain ^oc6ne dans les Alpes, 720. — W. 
Ellian. Note sur les terrains tertiaires du territoire de IBelfort et des en- 
virons de Montb^liard (Doubs), 729. — A. Locard. Note sur un 04^ba- 
loj^e nouveau de la famille des Lolijrinida), Fkuroieufhis cosHdatm^ 769. 
—Pouecb. Note sur la constitution g^ologique de Pecb de Foix, 706. 

Paris. SocictoGo'ologiquede France. Bulletin. Scrie3. Tomoxiii. 
(1885). Nob. 1-3. 1885. 

D&\j. A propos d'lin nouveau giseinent du terrain d^vonien sup^- 
rieur a Chnudefouds (Maine-et-Loire), 2. — Zurcher. Note sur la zone 
k Ammonitejt iiotcerbi/i dans lo S. (). du deparU*ment du Var, 9. — II. l)ou- 
vill^. Sur quelques lbs^i^‘^ de la zone a Amm. Sowerlnfi des environs de 
Toulon, 12. — A. Guudry. Nouvelle note sur l(*s reptiles permiens de la 
Moussage, 44. — A. (Jauclrv. Sur une dent de Net^^odon trouvoe daiiN les 
sables ierrugineux de 'Wimille. 51. — Huron de Ducker. Observations 
g^n^rales sur la gdologie de TFurope, 50. — F. Fontannes. Not4* sur b's 
alluvions anciennes de> en\ irons de Lyon, 50.— E. Fallot. Xotf* sur les 
Stages moyens et supt'rieurh du Fretac<5 du sude.^t de la France, 05. — 
G. Poirier. Rectification des contoins de I’argib* plastique sur la feuillo 
gdologique de Provins, ()S, —(4. Poiriei. Nur Tallure et la composition do 
Fargile plastique dams le Montois, 70. — Viguier. Note sur tin bdim 
fos>iliferc dc la \ all«5e de la Sorgut*. piv'- d'A\ ignon, 70. — l)t' Hrignac. Les 
depots diluviens dans la valleedu ^’ldou^ie. 80. — S. ('alderon. Lesroches 
cristalline.'' nin.ssivt‘s de TE'-pagne, 80. - M. Bertrand. Coupes de la chaino 
de la Sainte-lieaume, Pro\enc(s 115.— R. Zeilbu*. Not<‘ sur la Hor(‘ ct 
sur le niveau relatif des couches houilleres de la Grand’Combe, Gaid, 101. 
— J. Lambert. Presentation d'un travail mu le .hirassiquc* nioyen du 
d^partenient de rVonne, 155. — F. Helafond. Note sur le^s sable.s a 
3I(Lsf(fd(}/t arveniensis de Tre\oux et de Montmerle (Ain), 101. — Bour- 
geat. Sur la liinite du bajocien et du bathonieii dans le Jura: canu-leres 
et degi’ds de ddveloppement que ce derni(*r piesente, Bu. — G. de Sa]H>rta. 
Note a Tappui de son nu'unoire .sur les organisines probl<5matiqiu‘s dos 
anciennes mers, 179. — R. Zeiller. Observations au .sujet do la piesenta- 
tion de TouM-age de M. de Saporta: “ Le.s ( )rganisnu*s probl<?matiqueH des 
anciennes mers,’’ IMJ. — K. Chelot. Rectifications pour servir a I’dtude 
de la faune docene du bassin de Pans, 101. — V. lx*moine. Etude sur 
quelques Mammiteivs de petite taille de la f auiu* cernaysieime des (uiviroms 
de Reims, 205. — M. Mieg. Note sur un gisement des couches a Poaido^ 
nomya Bronni a Minverslieim ( Basso- ALace), 217. 

. Memoires. 8eric B. Tome iii. No. 2. 1884. 

P. Thomas. Recherches stratigraphiques et paldontologiques sur quel- 
que.s formations d'eau douce de I'Algdrie, 1. 

Penzance. Royal Geological Society of Cornwall. Transactions. 

Vol. X. Part 7. 1885. « 

W. W. Smyth. Presidential Address, ccxxii. — A, Somervail and II. 
Fox. On the Occurrence of Volcanic Tufls, Breccia, &c. in the Mtuieage 
District, 189, — R. N. Worth. The liaised Beaches on Plymouth Iloe, 204. 
— T. W. Millett. Notes on the Fossil Foraminifera of the St. Erth Clay- 
pit^ 213. — R. J. Frecheville. The Umber I)epo.Mts at Ashburton, 210. — 
C. Le Neve Foster. Note to accompany a Specimen of Native Gold from 
Leadville, Colorado, 220. 
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Phfladelphia. Academy of Natural Sciences. Journal. Ser. 2. 
Vol. ix. Part 1. 1884. 

A. Heilprin. The Tertiary Geology of the Eastern and Southern 
United States, 115. 

. . Proceedings, 1884. Part 2. 1884. 

E. N. S. Kingueberg. New Fossils jfrom the four Groups of the Nia- 
gara Period of Western New York, 144. — H. C. Lewis. Volcanic Dust 
from Krakatoa, 185. — J. Willcock. Notes on the Geology and Natural 
History of the West Coast of Florida, 188. — ^A. E. Foote. A large Zircon, 
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T. G. Bonney. The Building of the Alps, 53. — J. W. Judd. Kraka- 
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South "Wales, Australia, 249. — R. Owen. Evidence of a large Extinct 
Monotreme (Echidna Raimayi^ Owen), from the Wellington Breccia Cave, 
New South Wales, 273. 

. Proceedings. Vol. xxxvi. No. 231. 1884. 
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501. — IL Sjogren. Om jenirnalmema vid Moravicza och Dogndcska 1 
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AVebsky. I'eber die Ein- und Mehrdeutigkeit dt^r Fundamental-Bogen- 
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von Tjabrador, 183. — ^F. Sandberger. Fairfieldit von Rabenstein. Pseu- 
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VOL. XLI. }) 
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Zermatt, 238. — A. Kenngott. Nephrit von Jordansmiihl in Scnlesien ; 
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E. W.Benecke. Erlauterungen zu einer geologischen Karto des Grigna- 
Gebirges, 171. — A. Merian. Studien an gesteiiisbildenden I'yroxenen, 
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. Heft 3. 1885. 

W. Deecke. Reitrage zur Kenntniss der Raibler Schiebten der Loni- 
bardischen Alpen, 429. — C. Klein. Mineralogische Mittheilungeu XL, 
522. — E. Haug. Beitrage zu einer Monogniphie der Ammonitengattuug 
Harpocetfis^ 685. 

Swansea. South-Wales Institute of Engineers. Proceedings. 
Vol. xiii. No. 7. 1884. 

Tol. xiv. Nos. 1-3. 18^4. 

“VW M. Vivian. Notes on a Deposit of Iron Ore at Marbella, Province 
of Malaga, Sjpain, 48. — J. Clarke llawkshaw. The Severn Tunnel Rail- 
way, 121. — Vivian. The Hematite Deposits of the Southern Outcrop 
of the Carboniferous lamestone of South Wales, 104. 

Sydney. Linnean Society of New South Wales. Proceedings. 
Vol. ix. Parts 1-4 (1884). 1884-85. 

J. Milne-Curran. On some Fossil I’lants from Dubbo, N.S.VV., 250. — 
R. V. Lendenfeld. The Eruption in the Straits Settlements and the Even- 
ing Glow, 438. — R. von Lendenfeld. The Time of tiie (ilacial Period in 
New Zealand, BOiJ. — N. de Miklouho-Maclay. On Volcanic Activity on 
the Islands near the North-east Coast of Tsew ILiinea, and Evidence of 
Rising of the Malay Coast in New Guinea, 96»3. — .1. Brazier. List of 
recent Shells found m Clay on the Maclay Coast, New Guinea, 988. — J. 
E. Tenison-W’’oods, The Geology and l^hysical Geography of the State of 
Perak, 1176. 

. Royal Society of New South Wales. J oumal and Proceedings 

for 1883. Vol. xvdi. 1884. 

J.E. Tenison-Woods. On the W^manamatta Shales, 75. — R. Etheridge, 
jun. Further Remarks on Australian Strophalosifp, and Description of a 
new Species of Amelia from the Cretaceous Rocks of North-east Aus- 
tralia, 87. 

Tokio. Seismological Society of Japan. Transactions. Vol, vii. 
Part 1 (1883-84). 1884. 

John Milne. Earth Tremors, 1. — F. du Bois. The Earthquakes of 
Ischia, 16. — Catalogue of Earthquakes felt in Tokio between July 1883 
and May 1884, 43. 
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Tokio. Seisxnological Society of Japan. Transactions. Vol. vii. 
Part 2. 1884. 

J. Milne. On 387 Earthquakes observed during two years in North 
Japan; 1. 

Tokio Daigaku [University]. Appendix to Memoir No. 5. 
2544 (1884). (4to.) 

Toulouse. Societe d’Histoire Naturelle. Bulletin. 17* Annee. 

1883. 

E. Trutat. Excursion au Pic du Gar, pr^s Saint-Bdat (Haute Garonne), 
18. — De Rey-I’ailhade. Excursion au bassin houiller de Cannaux, 129. — 
Regnault. I^a Grotte de Gargas, 237. — lloule. Compte-rendu d’une dd- 
cou^erte faite par M. Oartailliac d^un carriere pr^liistoiiquede Silex, 258. 

. 1 8® Annee. 1 884. 

J. Nory Delgado. Note aiir les ^chantillons de Bilobites envoy a 
TExposition gdographiquc de Toulouse, 126, 

Turin, Ossorvatorio della llegia Universita. BoUottino. Anno 
xviii. (1883). 1884. 

. llcalc Accadcmia delle Hcienze. Atti. Vol. xix. Disp. 4-7. 

1884. 

A. Cossa. Coramunicazione intorno ad un’ Idocrasia della Valle di 
Susa, 530. — G. Piolti. II porfido del Vallone di Robureut, 571. — F. 
Sacco. 1/ alt a Valle Padana durante 1’ epoca delle terrazze in relazione 
col contemporaneo solle\aniento della circostanto catena Alpino-Apen- 
ninica, 705. — E. Mattirolo (‘d E. ISfonaco. Sulla composizioue di un oial- 
lagio proveniento dal distritto di Syssert (Monti Urah), 826. 

. . Vol. XX. Disp. 1-5 (1884-85). 1885. 

F. Sacco. Suir origine ddle vallate e dei alpini in rapporto coi solleva- 
menti delle Alpi e coi terreni pliocenici e quaternari della Valle Padana, 
639. — F. Sacco. Sopra alcuiii fenomeni stratigralici osservati nei ter- 
reni pliocenici dell’ alta Valle Padana, 664. 

Memorio. Serie 2. Tomo xxxvi. 1885. 

University College. Calendar, 1884-85. 1884. 

Victoria Institute. Journal of the Transactions. Vol. xviii. No. 
70. 1884. 

Nos. 71 -73. 1884-85. 

J. M. Mello. The l^rehistoric History of Flint Implements at Spiennes, 
253. — S. R. Pattison. The Evolution of the Pearly Nautilus, 270. 

Vienna. Beitragc zur Palaontologie Oesterreich-Ungams und 
des Orients. Band iv. Hefte 1 & 2. 1884. Purchased. 

J. Velenovsky. Die Flora der bohmischen Kreideformation, 1. — K. 
A. Peiiecke. lieitnige zur Kenntniss dor Fauna der slavonischen Palu- 
dinenschichten, 16. — ^F. Teller. Neue Anthracotherienreste aus Sudsteier- 
mark und Dalmatien, 45. 

Band v. Heft 1. 1885. Parcliased. 

J. Velenovsky. Die Flora der bohmischen Kreideformation, 1. 
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Vienna. Kaiserliche Akademie der Wissenschaften. Anzeiger, 1884. 
Nos. 9-28. 1884. 

F. Toula. Uebersicht iiber die Keiserouten und die wichtigsten Re- 
Bultate der Reise [Centrale Balkan], 197. — F. Toula. Ueber Amphicyon^ 
HyeBtnoschus, und Rhinoceros {Aceraihenum) von Goriach bei Xernau in 
Steiennark; 244. 


. . — , 1885. Nos. 1-12. 1885. 

M. Neumayr. Ueber die geoprraphische Verbreitung der J uraformation, 
45. — F. V. Hauer. Die Fauna der Juraablagerung von TIolmstein in 
Sachsen, 51. — F. v. Hauer. Fin Beitrag zur Kenntniss der Fische der 
bohmischen Turons, 8o. — E. Siiss. Ueber die Kenntniss der Structur 
des Libanon und des Anti-Libanou, 104. 

. . Denkscbriften. Mathematisch-Xaturwissenschaft- 

liche Classc. Band xlvii. 1 8S3. 

C. von Ettingshaiisen. Beitrage zur Kenntniss der Tertiiirfiora Anstra- 
liens, 101. — M. Neumayr. I^eber klimatische Zonen walireud der Jiira- 
und Kreidezeit, 277. 

. . Sitzimgsberichte. Band Ixxxviii. Abth. 1. Hefto 

1-5 (1883). 1883-84. 

F. Wahner. Das Erdbeben von .Vgrain am 9 November 1880, 15. — 
G. Tschermak. Ikdtrag zur (4a.<sili cation der ^Meteoriten, 347. — C. v. 
Ettingshausen. Zur Tertiarflora von Borneo, 3,72. — M. Neumayr. Zur 
Morphologic des Biv{ilven>chlosses, — H. Foullon. Feber die Mine- 

ralogische und chemisclie Zusaniinensetzung des am 10 Februar 1883 bei 
Alfianello gefalleiien Meteorsteines, 433. — A. Bittiu^r. Micropf^ia rm>- 
Tiensisj ein neuer Echinide des oberitalienisclnm Eocans, 414. — L. 
Teisseyre. Ein IVitrag zur Kenntniss der CVphalopodmifauna der Orna- 
tenthone im Gouvernement Rjasan, 5.38. — I), Stur. Zur Morphologie und 
Systematik der Culm- und Carbonfarne, (>.3.3. — (\ v. Kltingshaustui. Zur 
Tertiarflora Japans, 851. — J. N. 'VVoldrich. Diluviale Fauna von Zuzla- 
witz bei Winterberg im Bdhmerwalde, 978. — J. Blaas. Fibber Rom(‘rit, 
Botrvogen und natiirlichen Magne.sia-Eisenvitriol, 112J. — (I. Tschermak. 
Die Skapolithreihe, 1142. — F. Toula. Geologiscln* Fiitersuchungen im 
westlichen Thoile des Balkan und in den angnmzenden GebieUm, 1279. — 
V. Hilber. Recente und ini Loss gefimdene Landsehiiecken au.s China, 
1349. 


. . Bandlxxxix. Hefto 1-5 (1884). 1884. 

•. Kaiserlich-Koniglichc Bergakademicii zu Looben und Pri- 
bram und dieKdniglich-UngarischeBergakademie zu Schemnitz. 
Berg- und Huttenmiinnisches Jalirbuch. Band xxxii. Ilefte 
2-4. 1884. 


. Band xxxin. Hefte 1 & 2. 1 8(S5. 

C. Blomeke. Ueber die Erzlagerstatten des Ilarzes und die. Gcschichte 
des auf demselben gefiihrten Bergbaues, 1. 

. Kaiserlich-Kdnigliche Geologischc Rcichsanstalt. Abhand- 

Jungen. Band xi. Abth. 1. 1885. 

D. Steir. Die Carbon-Flora der Schatzlarer Schichten : Abth. 1. Dio 
Fame der Carbon-Flora der Schatzlarer 8chichten, 1. 
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Vienna. Kaiserlich-Kiinigliche Geologische Reichsanstalt. Jahr- 
buch. Band xxxiv. Heffce 3 & 4. 1884. 

F. Toula. Ueber einige Saugethierreste von Gdriacb bei Tiimau, in 
Steiermark, 385. — F. Bassani. Ueber zwei Fiscbe aus der Kreide des 
Monte S. Agata im Gdrzischen, 403. — C. v. Camerlander. Geolo- 
gische Mittlieilungen aus Central-Mahren, 407. — A. Bittner. Die Ter- 
tiar-Ablagerungen von Trifail und Sagor, 433. — F. v. Hauer. Zur Erinne- 
rung an Ferdinand v. Ilochstetter, 601. — M. Vacek. Beitrag zur Geo- 
logie der Badstadter Tauern, 009. — H. Foullon. Ueber die petrogra- 

5 hi 8 clie Boschaffenheit krystalliniseber Schiefergesteine aus Badstadter 
'aiiern und deren weatlichen Fortsetzung, 635. — C. Diener. Ein Beitrag 
zur Geologie des Centralstockes der julischen Alpen. 659. — B. Scharizer. 
Ueber JMineralien und Gtsteine von Jan Mayen, 707. — G. Di Stefano. 
Ueber die Brachiopoden des T^nteroolithes von Monte San Giuliano bei 
Trapani, Sicilien, 729. — J. Wagner. Ueber die Wanneverhaltnisse in 
der Osthalfte des Arlbergtunnels, 743.— Fr. v. Hauer. Erze und Mine- 
ralien aus Bosnien, 751. 

. . Verhandlungon, 1884. Nos. 10-17. 1884. 

V. Uhlig. Ueber Jura-Fossili(‘U aus Serbien, 178.— A. Bzehak. Con- 
chylien aus dem Kalbtufl’ von Badziechdw in Weatgalizien, 185. — D. 
Stur. Todes-An/eige : Heinrich Bobert Goppert, 189. — N. Andrussow. 
Ueber das Auftrot(*n der niarin-mediterranen Sehichten in der Krim, 190. 
— G. 0. Ijaubo. Glaeial^piiren im buhinischen Erzgebirge, 194. — E. 
Drasche. ('iiemisclio Anal>h^'n einiger porsischer EruptHgeateine, 196. 
— V. Uhlig. Diluvialbildimgen bei Bukowna am Diijester, 198. — V. 
Uhlig. Zur Aiijinonitenfauna der Baliner Golithe, 201. — A. Bittner. 
Neue Einseiid ungen tertiarer ( Teateinssuiten aus Bosnien, 202. — H. Lech- 
leitner. Notizeii uber deii GebirgStotock des Sounenwendjoches im Unter- 
Innthalc, Tirol, 204. — A. Itzehak. Conchylien aus dem KalktufF von 
Bobsrein bei Lettowitz in ^faliren, 208. — T. l*osewitz. Geologischer Aus- 
tiug in das Tanahlaul, Sud-Bonieo, 237. — E. TTussak. Mineralogische 
und petrographiaclie Notizen aus Steiermark, 244. — F. ITerbicli. Schiefer- 
kohlen bei Irek in Siebenburgen, 248. — B. Zuber. Neue luoceramen- 
funde in den ostgalizisclieii Karpalhen, 251. — F. Jiieniasz und B. Zuber. 
N(‘tiz uber die Natur und das relathe Alter des Eruptivgesteines von 
Zalas im Krakauer (iebiete, 252. — E. Beyer. Beiseskizzen aus Califor- 
nien, 25(). — Fr. v. Hauer. Oeplialopoden des unteren Trias vom Han 
Bulog an der TMiliaka, O.S.O. ^on Sarajewo, 217. — F. Toula. I'eber die 
Tertiarablagerungen b(u St. ^Vit an der Triestiug und das Auftreten von 
Cerithium lujuilarumj Eicbw., 219. — II. Keller. Fimde im Wiener- und 
Karpartbon-Sand stein, 233. — A. Bittner. Geologivsche Verlialtnisse der 
Umgelmng von Gross- Bei lling a. d. Knns, 260. — Y. Uhlig. Ueber den 
penniniseben Klippenzug und seine Bandzoneii, 2^)3. — 1 1 . Foullon. Ueber 
gediegen Tellur von Faezebaja, 269. — M. l^omnicki. VorLiulige Notiz 
uber die all esh'ii tertiaren Susswassor- und Meeresablagorungeu in 0^t- 
galizieii, 275. — J. Blass. Ueber eine neue Belegstelle fur eine wieder- 
holte Vergletsc-berung der Alpen, 278. — H. Pohlig, Geologische Unter- 
suchiinoeii in Persien, 281.— E. Tietze. Ueber ein Kohlenvorkomnien 
bei Cajutz in der Moldnu, 284. — E. Tietze. Das Eruptivgestein von 
Zalas im Krakauer Gebiete, 289. — V. X^hlig. Beisebericht aus Westga- 
lizien. Ueber ein iieues Miocan^ orkommen bei Sondec iiimitten der 
westgalizischen Sandateinzone, 292. — 0. v. Camerlander. Aufnahmen in 
Seblesien, 294. — V. Bieber. Ein Diuotherium-Skelet aus dem Eger- 
Franzenfebader Tertiarbecken, 299. — B. Hiimes. Ein Vorkommen des 
Pecten denudatuSy Beuss, und anderer ** Schlier ’ -Petrefacte im inneral- 
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pnen Tlieil des Wiener Beckens, 805. — M. Staub. Die Schieferkohlen 
Dei Frek in Siebenbiirgen, ^)6. — Gommenda. Riesentopfe bei Sley- 
regg in Oberosterreich, 308. — A. Bittner. Valencionnesienscbichten aus 
Humanien, 311, — F. Teller. Notizen iiber das Tertiar von Stein in 
Krain, 313. — V. Uhlig. III. Ileisebericht aus Westgalizien, uber die 
Umgebung von Rzegacina boi Bochnia, 318. — 0. v. Camorlander. II, 
Ileisebericht aus Oesterr.-Schle^ien, 321. — F. v. Hauer. l']r/e uiid Mine- 
ralien aus Bosnien, 331. — C. Diener. Mittheilung uber den geologi lichen 
Bau dee Centralstockes der julischen Alpeu, tkll. — 11. Foullon. Ueber 
die Warmeverbaltnisse der Ostseite des Arlbt‘rgtunnels iiach den Bt‘ob- 
achtungeu des Ilerm k. k. Oberingenieurs uiid Sectioiisleiters CJ. Wagner, 
3;i3.-~fl. Foullon. Ueber eiu neues Vorkomnien von kiystallisirteiu 
Magnesit mit saulenlbrmiger Ausbildung, 334. — V. Uhlig. Ueber ein 
Vo&ommen von Silurblocken ini uordischen l)ilu\iuni Westgaliziens, 
335. — V. Uhlig. lleiheberieht aus Westgalizien. Ueber dit‘ Gegend 
von Bochnia und Czchow, 330. — G. C. Laub(\ Ueber das Auftreteii von 
Protogingesteinen im nordlichen Bohmen, 343. — F. Lowl. Fine Hebung 
durch intrusive Granilkerne, 340. — V. I^hlig. Neiie Einsendungen aus 
den Kalkalpen z\Nischen Modling und Kaltenleutgeben, 340. — V. Ildber. 
Geologische Aufnahme der Niedc^rung zwischen Troppaii in Schle.sien 
und Skawina in Galizien, 349. — Fr. v. Hauer. Geologische und nionta- 
nistische Karten aus Bosnien : Palipophoynm ntninus, 335. — M. ^'acek. 
Ueber einen Unterkiefer von Aceraf/i^j-ium^ cf. minuium^ Kaup, aus Con- 
gerienschichten bei Brunn, 350. — A. Bittner. Aus den Salzburger Kolk- 
gebirgen : die Ostauslaufer de^j Tannengebirges, 358. 

Vienna. Kaiserlich-Kuniglicho Geologische Bcichsanstalt. Ver- 
handlungen, 1nh5. Xos. »*1-0. U"'h5. 

A. Bittner. Zur Stelliiug der Raibler Scliicliten, 59. — F. Fucbs. Tertiar- 
fossilien aus dem Becken %on Bahna (Rumanien), 70. — G. (\ Laube. 
Eotizuber das Vorkommen \on Ohaiuiden und Riidi.sten im bohmischen 
Turon, 75. — F. Sandberger. Weitere Mittheilung uber tertiare Suss- und 
Brackwasserbildungen aus Gali/ien, 75. — A.Pichler. Notizen zur Geologie 
von Tirol, 77. — R. Handmann. Ueber eine ebarakteri.sti^cbe Sauhuibildung 
eines Basaltstockes und dessen Umwandlungsform in Wacke, 78. — G. 
Teylas. Neue Ilohleii in dem siebenburgischen Erzgebirge, 79. — 
Heim. Zur Frage der ‘HI lamer Doppelfalte,” 80. — E. Hrascbe. ('’ho- 
mische Untcrsuchung eines Minerals, 81. — G. Diener. T^eber das 
Vorkommen von Hierlatz-Schichten in der liofangnqme, 82. — V. Uhlig. 
Ueber eine Mikrofauna aus den west-galizischeu Karpatlien, x2. — .1. Noth. 
Petroleumvorkominen in Ungarri, 83. — T. Fuchs. U(*ber die Fauna ion 
HidalmM bei Klausenhurg, 101. — T. Fuchs. iMioean-Fos'silieu aus 
Lykien, 107. — A. v. Klip.stein, Ueber die Gosnukreide d(‘r Lndoialjii auf 
dem Sonnenwendjoch bei Brixlegg im Uiiterinnthal, 113. — P. Jlartiiig'g. 
Notizen aus dem Feistritzthale in der Umgebung von Anger, 117. — 8. 
Roth. Sjmren vormalijrer Gletsclier auf der Sudseite der Ilolien Tiitra, 
118. — G. Marchesetti. Hohlenthiere aus der Umgebung von 'J riest, 123. — 
D. Stur. Vorlage der Farn(* derGarbon-Flora der Schatzlan'r Schichteu, 
124. — A. Bittner Neue Itiinsendungen von Petretactcm aus Bosnien, 140. 
— D. Stur. Vorlaire eines von Dir. E. Doll im piiiolith -von Sung, im 
Paltenthale Steierinarks, gefundenen Thierre8te.s, 1 41 . — A. Bittner. Aus 
den Ennsthalor Kalkalpen : Neue Fundstelie von Hallstatter Kalk, 148. — 
II. V. Foullon. Ueber einen neuen Anbruch von kr} stalliMirtcun Schwe- 
fel bei Truskawiec in Galizien, 140. — If. v. Foullon. Ueber rosenrothen 
Calcit von Deutsch-Altenburg, 148. — II. v. Foullon. Galcit auf Kohle 
aus dem Munzenberger Bergbau bei Leoben, 149. — 0. v. Camerlander. 
Aus dem Diluvium des nordwestlichen Schlesiens, 151.— 8. Brusina. Be- 
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merku^en iiber rumanisclie Paludmen-Schicliten mit BezD^ anf Pro« 
fessor G. Cobalescu^s Work : Studii geolodce si pal 80 ontolo«ce a supra 
unor T^rkmuri Tertiare din unite Pfirti ale KomSniei/^ 157. — L. v. Tauscb. 
Ueber die Beziehun^en der neuen Gattung Ihirga^ G. Bohm, zu den 
Megaiodontiden, sneciell zu Pcichymegalodon^ Gumbel, 163. — A. Ezebak. 
Diatomaceen im Mediterrantegel der TJmgebung von Brunn, 166. — B. 
Stur. Gescbenke fur das Museum der geologischen Reicbsanstalt, 166. — 
K. M. Paul. Das Salinargebiet von Sudrussland, 167. — K. F. Frauscber. 
Ergebnisse einiger Excursionen in Salzburger Vorlande, mit besonderer 
Beiucksicbtigung der Eocan- und Kreideablagerungen in der TJmgebung 
von Mattseo, 173. — A. Bittner. Diluvialer Susswasserkalk von Baden, 
eingenandt vom Ilerm L(*hrer E. Ebenfuhrer in Gumpoldskirchen, 183. — 
E. Hussak. l^eber Eruptivgesteine von Steicrsdorf ini Banat, 185. — A. 
llzehak. Ueber da«» Vorkommen der Foraminiferengattungen Ramvlina 
und Cydamrmna in den alteren Tertiarscliicbten Oesterreichs, 186. — E. 
Jlandniann. Zur Conchylien-Ablagerung ^on St. Yeit a. d. Triesting, 
188. — H. B. Geinitz. Zur Geschichte des angeblicben Meteoriten-Falles, 
im Ilirscbfelde bei Zittaii, 188. — A. Pawlow. Ber Jura von Simbirsk an 
der untoren Wolga, 191. — F. Teller. Oligocanbildung im P'eistritzthal 
bei Stein in TCrain, 193. — V. Ulilig. Ueber den Verlauf des Karpathen- 
Nordrandes in Galizien, 201. — M. Scblosser. Notizen uber die Sauge- 
thierfauna von Goriach luid uber Miocanfaunen im Allgemeinen, 207. — 
Nic. Andrii^^sow. Ueber das Alter der unteren dunklen Schieferthone 
auf der llalbinsel Kertscb, 213. — A. Picbler. Zur Geologie Tirols, 216. 

Vienna. Xaisorlich-Konigliche Zoologisch-Botanische Gesellschaft. 
Verhandlungen, IbSd. Band xxxiv. 1885. 

. Mineralogiscbe und Pctrograpliisehe Mittheilungen. N. F. 

Bandvi. Heft 3. 1884. Purchased, 

O. AV. (\ Fuchs. Die 's ulkanischen Ereigni^se des Jahres 1883, 185. — 
K. \oii OhiaistsclioH’. Ueber eigentliumlichc Flussigkeitsinterpo'^itionen 
im Cordierit des Uoidieritgneisses von Bodenmais, 232. — F. Becke. Aetz- 
\ersiiche am Bleiglanz, 237. 

. . . . Hefte 4-6. 1885. Purchased, 

F. Lcewinson-Ijossiug. Die A'ariolite \on Jalguba im Gouvemement 
(douez, 2ftl. — M. Schuster. Studien uber die Flacbenbeschaffenheit und 
Bauweise der Danburit-KiTstjille \oni Scopi in Graubundten, 301, 

. . Band ni. Hefte 1 & 2. 1885. 

E. M. Eolirbach. I'eber die Eruptivgesteine im Gebiete der schlesisch- 
mahrischen Kreideformation, 1. — 1\. \oii Chrustschoff. Ueber secundare 
Glaseinschlusse. 64. — II. Hatch. Ueber den Gabbro aus der Wildschonau 
in Tirol und die aus ihm hervorgehenden scdiiefrigen Gesteine, 75.— M. 
Schuster. Ueber ein neues Vorkommen von krystalliairtem Fichtelit, 88. 
— F. Becke. Ueber Zwilliugsi erwachsungen gesleinbildender Pyroxene 
und Amplnbole, 93.- -M. Weibuli. Untersuehung schwedischer Minerale, 
108. — A. Becker. Ueber die Schmelzbarkeit des kohlensauren Kalkes, 
122. — C. W. 0. Fuchs. Die yulkanischen Eroignisse des Jahres 1884, 
146. 

Warwick. AVarwickshire ^N'aturalists’ and Archjcologists’ Field 
Club. Proceedings, 1883. 1884. 

P. B. Brodie. An Account of the Discovery, by Prof. Lapworth, of 
Cambrian and pre-Cambrian Rocks in North Warwickshire formerly sup- 
posed to he of Carboniferous Age, 13. — P. B. Brodie. Volcanoes, their 
Nature and Origin, 17. 
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Washington. Philosophical Society. Bulletin. Vol. vii. (1884). 
1885. 

J. C, Russell. The existing Glaciers of the High Sierra of California, 
6. — C. Kerr. The Mica Mines of North Carolina, 9. — J. C. Russell. 
Deposits of Volcanic Dust in the Great Basin, 18. — J. R. Eastman. A 
new Meteorite, 32. — J. 8. Diller. The ^"oleauic Sand which fell at 
Unalashka, October 20, 1883, and some Consid(‘rations concerning its 
Composition, 33. — G. II. Williams. The Methods of Modern Petro- 
graphy, 36. — T. Robin«ion. The Strata exposed in the East Shaft of the 
Waterworks Exti^i^on, 60. — T. Robinson. Was the Earthquake of 
September 19th felt in the District of Columbia H 73. — C. E. Dutton. 
The Volcanoes and La\a-Fit‘ld$ of New Mexico, 76. 

. Smithsonian Institution. Annual Report for 1882. 1884. 

(8vo.) 

Bureau of Ethnology. 2nd Annual Report, 1 8S0-S 1 . 
By J. W. Po^\ell. 18b3. (4to.) 

Watford. Hertfordbhire Natural Tlistorj' Society and Field Club. 
Transactions. Vol. in. Parts 1-4. 

H. G. Fordham. Notes on Bouldeis and Boulder-clay in North Hert- 
fordshire, 33. — J. V. Ebden. On tlie Microscopic Structure of Boulders 
found in the North of Hertfordshire, 47. 

Wellington. New-Zealand Institute. Transactions and Proceedings, 
Vol. xvi. (]8b3). 1884. 

J. A. Pond. On the Pottery Cla\s of the Auckland District, 443 — R. 
M. Laing. A few Notes on Thermal Spnn”'^ at Jj\ttelton, 447.— S. H. 
Cox. On the Occurrence (»f some new Mineial'^ in New Zealand, 418. — 
F. W. Hutton. On the Lower Crorge of the W ainia-Kciriri, 449. — 
D. Sutherland. Recent I)i'^co\eii»*^ in the Neighbourhood of Milford 
Sound, 454. — A, Hunter. Direct E\idence of a Change iu the Elevation 
of the Waikato District, 459. 

Wiesbaden. Nassauischcr Vercin fur Naturkunde. Jahrbucher. 
Jahrgang 37. 1884. 

Winona. Minnesota Academy of Natural Science. Bulletin. 
Vol. ii. No. 2. 18S], 

N. H. Winchell. The Ancient Copper-Mines of Isle Royale, 2i). 

. . . . Xo. 4. 1883. 

W. Uphara. Lake AgiiH^ii: : a Chapter in Glacial Geology, 290. 

York. Yorkshire Philosophical Society. Annual Report for 1884. 
1885. 

Zoological Society of London. Proceedings, 1884, Parts 2-4. 
1884-85. 

. ,1885. Parti. 1885. 

Report of the Council for the year 1884. 1885. 
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2s Books. 

Names of Donors in Italics, 

Acbepohl, L. Das Niederrheioisch-Westfalische Steinkohlengebirge. 
Lieferung 10. Pol. Essen, 1883. Purchased. 

Africa. Instructions nautiques sur la cote occidental f' d’Afrique, de 
Sierra Leone au Cap Lopez, par 0. P. de Kerballet et Francois. 
8vo. Paris, 1883. Presented hy the Depot de la Marine. 

Agassiz’ und seiner Preunde goologiscbe^Alpenreisen in der Schweiz, 
Savoy en und Piemont. Eiii Alpenrcisebuch, unter Agassiz', 
Studer’s und Carl Vogt’s Mitwirkung verfaszt von E. Desor. 
Herausgegeben von Carl Vogt. Auflage. 8vo. Frankfurt 
am Main, 1847. Presented hy A. W, Waters, Esq., F.G.S. 

Albrecht, P, Ueber die morphologische Bedeutung der Kiefer-, 
Lippen- und Gesicbtsspalten. 8vo. Berlin, 1884 ? 

. Sur les elements morpbologiques du manubrium du sternum 

chez les mammiferes. 8vo. Brussels, 1884. 

Sur les spondylocentres epipituitaires du Crane. 8vo. 
Brussels, 1884. 

. Sur la valeur morphologique de la trompe d’Eustacbe. 8vo. 

Brussels, 1884. 

. Erwiderung auf llcrrn Prof. Dr. Hermann v. Meyer’s 

Aufsatz, “ Die Zwisclienkieferknochon und ibre Beziebungen 
zur Hasonsebarte und zur sebragen Gesicbtsspalte.” 8vo. Berlin, 
1884. 

. Sur les bomodynamics qui existent entre la main et le pied 

des mammiferes. 8vo. Brussels, 1884. 

. Ueber die Zahl der Zahne bci den Hasenschartenverspalten. 

8vo. Berlin, 1884. 

Alert. Ileport on the Collections made in the Indo-Pacific Ocean 
during the Vo} age of II.M.S. ‘ Alert,’ 1881-82. 8vo. London, 
1884. Presented hy the Trustees of the British Museum. 

Alsace-Lorraine. Geologisclie Specialkarte von Elsass-Lotbringen. 
Abhandlungen. Band ii. Heft 3. 8vo. Strassburg, 1884. 
Atlas, 4to. Purchased. 

. . . Band iv. Heft 2. 1884. Purchased. 

Anon. Forests, Streams, Lakes, and Eesources of Northern 
Michigan. 8vo. Marquette, Mich., 1884. Presented by W. 
Whitaher, Esq., F.G.S. 

. The Wonders of Geology ; by the Author of Peter Parley’s 

Tales. 8vo. Boston, 1852. Presented hy W. Topley, Esq,, 
F.G.S. 
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Anon (Trevigra). The Eeaction of Gravity in Motion, or the Third 
Motion of the Earth. 8vo. London, n. d. Presented by J, A, 
Wade^ Esq. 

Australia. Cote est d’Australie. Yue de cotes par Wallut. 8vo. 
Paris, 1882. Presented by the Depot de la Marine. 

Parrett, C. The Geology of Swyre, Puncknowlo, Burton Brad- 
stock, <fec. 8vo. Bridport, 1878. Presented by U. B. Woodward^ 
Esq., F.G.S. 

Barrois, C. Le granite de Rostrenen, ses apophyses et ses contacts. 
8vo. Lille, 18b4, 

. Sur les ardoises a Noroites de Bourg d’Oueil, Haute - 

Garonne. 8vo. Lille, 1884. 

Bauerman, H. Texi^book of Descriptive Mineralogy. 8vo. London, 

1884. 

Belgium. Musee Iloyal d^IIistoire Natunlle de Belylque. Carte 
geologique. Textes explicatifs de la livraison de 1884, vi/. : — 
Modave, Yirton, Ruette, Lamorteau, Landen, 8t. Trend, Heers. 
8vo. Brussels, 1884. 

Bellardi, L. I molluschi dei terreni ter/iarii del Piemonte c della 
Liguria. Parte 4. 4to. Turin, 1884. 

Bercher, C. E, Ceratioearidae from the Chemung and Waverly 
Groups at AVarren, Pennsylvania. 8vo. Harrisburg, 1 884. 

Beust, Fritz. Untersuchung iiber fossile Hol/er aus Grunland. 4to. 
Basel, 1884. Purchased. 

Blanford, W. T. Address to the Geological Section of the British 
Association at Montreal, 1884. 8vo. London, 1884. 

Blomeke, C. Die Erzlagerstatten des Harzes und die Geschichte des 
auf denselben gefuhrten Bergbaues. 8vo. Vienna, 1885. Par- 
chased, 

Blum, J. R. Handbuch der Lithologic odor G ostein slchre. 8vo. 
Erlangen, 1860. Presented by A. W. WaUrs, Esq., F.G.S. 

Bomemann, J. O. Yon Eisenach nach Thai und AVutba. 8vo. 
Berlin, 1884. 

Boyd, C. R. Resources of South-west Virginia, showing the Mineral 
Deposits of Iron, Coal, Zinc, Copper, and Lead. 8vo. Kew York, 
1881. Presentid by 11, Baiurmanv, Esq., F.G.S. 

British Museum (Natural History" ), Catalogue of the Fossil Mam- 
malia. Part 1. Containing the orders Primates, Chiroptera, In- 
sectivora, and Rodentia. By 11. Lydekker. 8vo. London, 

1 885. Presented by the Trustees of the British Museum. 

. Guide to the Collection of Fossil Fishes in the Dejiartmcnt 

of Geolog}" and Palspontology. 8vo. London, 1885. Presented 
by Dr. H. Woodward, F.li.E., F.G.S. 
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Brodie^P.B, Volcanoes, their Nature and Origin. 8vo. Warwick, 
1883. 

An Account of the Discovery hy Prof. Lapworth of Cambrian 
and pre-Cambrian Bocks in Nor^ Warwickshire. 1883. 

Brongniart^ C, Note sur les tufs quatemaires de Bernouville pres 
Gisors, Eure. 8vo. Paris, 1880. 

. Bapport sur une note de M. Maxime Cornu relative k 

Taction des huiles lourdes de goudron but les vignes. 8vo. Bo- 
morantin, 1882. 

. Excursion dans TAtlas. 8vo. Paris, 1881. 

. Notices Seientifiques. 8vo. Gray. 1882. 

. Note complementaire sur le Titanophasma Farjoli et sur les 

Proto^)liasma IJiimtisil et WoodwardiL 8vo. Paris, 1883. 

Sur un iiouvel inscctc des terrains carboniferes de Commentry 
(Allier), et sur la faune entomologique du terrain houilier. 8vo. 
Paris, 1882. 

. Aper^u sur les insectos fossiles en general, et observations 

sur quelquea insectes des terrains houillers de Commentry (Allier). 
8 VO. Montlu^'on, 1883. 

. Bestaurations d'ailos d’insectes proven ant du terrain car- 

bonifere de Commentry (Allier). bvo. Paris, 1884. 

. 8ur un nouvol inscctc fossile dc Tordre des Orthopteres, 

provenant des terrains houillers de Commentry (Allier). 4to. 
Paris, 1884. 

. 8ur la decouverte d’une empreinte d’insecte dans les gres 

siluriens dc Jurques (Calvados). 4to. Paris, 1884. 

. Sur un gigantesque Neurorthoptc*ro, provenant des terrains 

houillers de Commentry (Allier). 4to. Paris, 1884. 

. [llespiration des Insectes.] 8vo. Paris, 1885. 

. Insoete fossile des gres siluriens. 4 to. Paris, 1885. 

et M. Coniu. Champignon observe sur un insecte. 8vo. 

Paris, 1881. 

Buenos- Ayres. Annuaire statist ique dc la Province de Buenos- 
Ayres, public sous la direction du C. B. Coni, 1882. 8vo. 
Buenos Ayres, 1883. PresenUd hi/ the Argentuie Scientijic 
Society. 

Cadelly H. M. The Harz Mountains — their Geological Structure 
and History. 8vo. Edinburgh, 1884. 

Calchith, W. W. Shingle on East Coasts of New Zealand. 4to. 
London, 1884. Presented hu J. B. Bedman, Esq*, M*Inst.C,E., 
F.G.S. 
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California. State Minifig Bureau^ Fourth Annual Report oi the 
State AEineralogist (H. G. Hanks), for the year ending May 15, 
J8S4. Svo, Sacramento, 1884. 

Cameron, P. A Monograph of the British Phytophagous Hymeno- 
ptera (Tent/indOy and Cgnijis^ Linne). Vol. ii. 8vo. 

Ijondon, 1885. Presented by the Bay S{H‘i(fy. 

Canada. Geological and Nat nral- History Surrey. Comparative 
Yooabularies of the Indian Tribes of liritish Columbia. By W. 
F. Tolmie and 0. M. Dawson. 8vo. Montreal, 1884. 

CajM IJIni. G. Del Zitioide fossile ( Chomziphus plant rost?*is) scoperto 
nolle sabbio plioceiiiche di Fangonero presso Siena. 4to. Home, 
1885. 

Rest! fossili di Diojdodon c Mesoplodon. 4to. Bologna, 

1885. 

Carhoni-Grio, D. T terremoti di Calabria e Sicilia nel secolo 18. 
Svo. Xaplofl, 1885. 

Carlberg, J. 0. Historiskt sammandrag om Svciihka Bergvcrkens 
uppkomst och utveckling samt griifveJagslift iiingeii. Svo. Stock- 
holm, 1879. Fresintid by B. Jhnderson. Es(p, P\G,S, 

Caruanay A. A. Discovery of a Tomb-Cave at (ihain Sielem,Gozo, 
in June 18S4. 4to. Malta, 1884. 

. El-Gherien tal-Liebru, Mjilta : a hypogeum discovered in 

July 1884. 4to. Malta, 18^4. 

Casley, George. Geology of Ljme Regis. Sm. Svo. Lyme 
Regis, 1880. Presented by H. B. Wood ward. Esq.^ F.G.S. 

Challenger. Reports on the Scientific ResuKs of the Voyage of 
H.M.S. ‘Challenger’ during the years 1878-70. Narrative. 
A"ol. i. Parts I & 2. 4to. London, 1 885, 

, . Zoolog}'. Vol. ix. (in 2 vols.). 4to. London, 

1884. 

. . . Vol. X. 4to. London, 18S4. Presented by 

the Lords of JI.M. Treasury. 

Clielot^ E. Rectification pour servir a I’c^udo de la faune eocene du 
bassin de Paris. Svo. Paris, 18S5. 

China. Instructions n antiques sur les mers de Cliinc. Intro- 
duction. 8vo. Paris, 188»‘3. Presented by the Depot de la 
Marine. 

Choffat^ P. De rimpossibilite do comprendro le Callovion dans le 
Jurassique superieur. Svo. Lisbon, 1884. 

. Sur la place a assignor au Callovieii. 8vo. Lisbon, 1884, 

Churchill., J. F. Sta’chiological Medicine, and its Applications to 
Diseases of the Lungs and other Organs. 8vo. London, n. d. 
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Claypole^ E, W. On the Clinton and other Shales &c., composing 
the Fifth Group of Rogers in the First Survey of Pennsylvania. 
8vo. Philadelphia, 1884. 

. Pennsylvania before and after the Elevation of the Appa- 
lachian Mountains : a Study in Dynamical Geology. 8vo. Salem, 
1885. 

Clinch^ G. Note on the Discovery of certain Pala3olithic Weapons 
and Instruments at Church Field, West Wickham, Kent. 8vo. 
Bromley, 1882. 

. Some Account of Ancient Excavations in Well Wood and 

Chalk-pit Field, West Wickham, Kent. 8vo. West Wickham, 

1884. 

Cochin-China &c. Annuaire des Marecs de le basse Cochinchine et 
du Tong-kin j)Our Tan 1884. 12mo. Paris, 1883. Presented by 

the Depot do la Marine. 

Oohn^F. Heinrich Robert Goppert als Naturforscher. 8vo. Breslau, 

1885. 

Collins, J. H. Mineralogy. 2 vols. 8vo. London, 1878 & 

1883. 

, and H. T. Collins. The Geological Age of Central and 

West Cornwall. (2 papers.) 8vo. Truro, 1881 & 1884. 

Co}te, E. D. On the Evolution of the Vertobrata, Progressive, and 
Retrogressive. — The Position of Pteriehthys in the System. 8vo. 
Salem, 1&84. 

. Paleontological Bulletin. Nos. 38 & 39. 8vo. Philadelphia, 

1884. 

— . The Choristodorm. 8vo. Salem, 1884. 

. The Creodonta. 8vo. Salem, 1884, 

. The Mastodons of North America. 8vo. Salem, 1884. 

. The Tertiary Marsupialia. 8vo. Salem, 1884. 

. Rodentia of the European Tertiaries. 8vo. Salem, 1885. 

. The Amblypoda. 8vo. Salem, 1885. 

The Lemuroidea and the Insect ivora of the Eocene Period 
of North America. 8vo. Salem, 1885. 

Cornish, T. Our Gold-Supply : its Effects on Finance, Trade, 
Commerce, and Industries. 8vo. London, 1884. Presented by 
II. Bauermann, Esq., F.G.S. 

Corte Real, J. A. Resposta a Sociedade Anti-Esclavista de Londres. 
8vo. Lisbon, 1884. 

Cox, Colonel. On the Blue Clay at Sturry. Newspaper-slip, 1872. 
Presented by W. Wliitaher, Esq., F.G.S. 

Dali, W. JI. A Monograph of British Fossil Brachiopoda ; a 
Review. 8vo. Cambridge, Mass., 1885. 
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Damon, B. Geology of Weymouth, Portland, and Coast of Dorset* 
shire from Swanage to Bridport-on-the-Sea. Kew edition. 8to. 
Weymouth, 1884 ; also Supplement, 2nd edition, 1880. 

Dauhrie^ A. Exposition Universelle do 18C7 i Paris. Rapports du 
Jury International. Substances minerales. 8vo. Paris, 1867. 

. Experiences sur la schistosite des roches ct sur dos dc^ 

formations de fossiles correlatives de ce phenomene ; consequences 
g^logiques qu'on peut en deduire. 8vo. Paris, 1877. 

. Applications do la mothode cxperimentalc Petudo des de- 
formations et des cassures terrestres. 8vo. Paris, 1879. 

. Descartes, Pun des ermteurs de la cosmologie ct de la geo- 

logie. 8 to. l^aris, 1880. 

— . Sur lea resoaux do ciissures on diaclases qui coupeiit la serio 
des terrains stratifi^^ : Exemples fournis par les environs do 
Paris. 8vo. Pa^i^, 1^80. 

. Essai d'unc classification des cassur(\*< do divers orrlres, que 

presente 1 ecorse torrestre. 8vo. ParLs, l8^2. 

— . Etudes experimentales sur Porigine des cas«nres terr(*stres 
et sur leur coordination rfcipro(|ue au point do vue des accidents 
du relief du sol. 8vo. Paris, 1 882. 

Davies, D. C. A Treatise on Earthy and other Minerals and Mining. 
8vo. London, 1884. Presented hj U. Bauer man^ Bsi/., 

Dawkins, W, Boyd, On some Apatite near Ottawa, Canada. 8vo. 
Manchester, 1884. 

Dawson, J, W, Observations on the Oeology of the Line of the 
Cana^an Pacific Railway. 8vo. London, 1884. 

. Rough Xotes of a Naturalist’s Visit to Egypt. 8vo. 

London, 1884. 

Dechen, H* v. Gcologische Brief e aus America. 8vo. Bonn, 1 884. 

De Eance, C, E,, and W, TopJey. Report of the Committee a}>- 
pointed for the purpose of inquiring into the Rate of Erosion of 
the Sea-coasts of England and Wales, and the Influence of the 
Artificial Abstraction of Shingle or other Material in that Action. 
8vo. London, 1885. 

Derby, 0. A, On the Flexibility of ItacolumiU^. 8vo. New 
Haven. 1884. 

. Peculiar Modes of Occurrence of Gold in Brazil. 8vo. 

New Haven, 1884. 

. Physical Geography and Geology of Brazil. 8vo. Rio do 

Janeiro, 1884. 

Dewalque, G. Catalogue des ouvrages de geologie, de min(*ralogio 
et de paldontologie, ainsi que des cartes geologiques qui so trouvent 
dans les princii)ale8 bibliotbeques de Belgique. 8vo. Liege, 1884. 
Present^ hy the SocictS Geologique de Belgiqve, 
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Dictionary, Hungarian-Gennao, by M. BaJlagf. 8vo. Pest, 1872. 
Present^ hy A, JV. Waters^ Esq.^ F,0,8, 

Diener^ G. Ein Beitrag zur Geologie des Centralstocks der jnlischen 
Alpen. 8vo. Vienna, 1884. 

. TJeber den Lias der Eofan-Gruppe. 8vo. Vienna, 1885. 

DollOi L. Premiere note sur lo Simoedosaurien d'Erquelinnes. 8vo. 
Brussels, 1884. 

Doyh^ P. Paper-making in India, being Notes of a Visit to the 
Lucknow Paper-Mill. 8vo. Lucknow, 1885. 

Duncan, P. Martin. Address to the Linnean Society, 1884. 8vo. 
London, 1884. 

. A Eevision of the Families and Genera of the Sclerodermic 

Zoaniharia, Ed. & H., or Madreporaria {M. rugosa excepted). 
8vo. London, 1884. 

, and W. P. Sladen. On the Family Arhaciadce, Gray, Part 1. 

8vo. London, 1885. 

The Classificator}^ Position of Hemiaster elongatns, 
Duncan & Sladen ; a lieply to a Criticism of Prof. Sven Loven. 
8vo. London, 1881. 

Dupont, E. La chronologic geologiquo. 8vo. Brussels, 1 884, 

Ehden, J. V. On the Microscopic Structure of Boulders found in 
the ]North of Hertfordshire. 8vo. Hertford, 1884. 

Eucyclopcedia Britannica. 9th edition. Vols, xviii., xix. Orn-Pro. 
4to. Edinburgh, 1885. Purchased. 

Encyclopaedic Dictionary. Vol. iv. Part 1. Glot-Int. 4to. London, 

1884. Presented hy the llev. R. Hunter, F.G.S. 

England and Wales. Geological Survey. Memoirs. Explanation 
of Quarter-sheet 50 N.W. The geology of the country around 
Diss, Eye, Botesdale, and Ixworth, by F. J. Bennett. 8vo, 
London, 1884. 

. . . 66 S.W. The geology of the country 

around Attleborough, Watton, and Wymondham,by F. J. Bennett. 
8vo. London, 1 884. 

68 N.W. and S.W. The geology of 
the country around Fakenham, Wells, and Holt, by H. B. Wood- 
ward. 8 VO. London, 1884. 

93 N.E. The geology of the country 
north-east of York and south of Malton by C. Fox-Strangways. 
8vo. London, 1884. 

. . 94 N.E. The geology of Bridlington 

Bay, by J. R. Dakyns and C. Fox-Strangways. 8vo. London, 

1885. 

. , . 95 N.W. The geology of the country 

between Whitby and Scarborough, by C. Fox-Strangways and 
G. Barrow. 8vo. London, 1882, 
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England and Wales. Oeologioal Survey. Memoirs. Explanation 
Qaarter-sheet 96 N.E. The geology of Eskdale, Rosedale, 
&C., by C. Pox-Strangways, C. Reid, and 6. Barrow. 8vo. 
London, 1885. 

. . , The Vertebrata of the Forest Bed Rories of 

Norfolk and Suffolk, by E. T. Newton. 8vo. London, 1882. 

Guide to the Geology of London and the 
Neighbourhood, by W. Whitaker. 4th edition. 8vo. London, 
1884, 

English Channel. Annuaire dos Courants de Marco de la Mancho 
pour Tan ISS^l. 8vo. Paris, lS8ii. Presented hy the Dep6t de 
lii Marine, 

Evans^ John, Address delivered at the Anniversary Meeting of the 
Royal Society on Monday, Dec. 1, ISSl. Svo. I^nidon, 1 884. 

, Physiography. 8vo. London, 

FavrSy E. Revue geologiq lie suisse i>oiir rannee 18S4. xv. 8vo. 
Geneva, 1^>5. 

Felhv, J, Korallen aus agvptibchen Tertiarbildungen. 8vo. Berlin, 

1884. 

Flower, W. H. On the Development and Succession of the Teeth 
in the Marsupialia. 4to. London, Presented by Prof, 

P, M, Duncan, F.R,S, 

Tordham, H, O, Notes on Boulders and Boulder-Clay in North 
Hertfordshire. 8vo. Hertford, 18S4. 

France. T)e]t6i de la Marine. Annuaire des Marees des Cotes do 
France pour Tan 1884. 12mo. Paris, 18S‘1. 

. . 1885. 12mo. Paris, 1884. 

. . Catalogue par ordre geographiquo des Cartes, Plans, 

etc. 8vo. Paris, 1883. 

French, H, IL A Paper on Bournes. 8vo. Sutton, 1884. 

Fritsch, A, Fauna dor Gaskohle und dor Xalksteine der Permfor- 
mation Bohmens. Band ii. Heft 1 . 1 885. 

Gardner, J, S, A Monograph of the British Eocene Flora. Vol. ii. 
Part 2. 4to. London, 1884. 

. On the Relative Ages of the American and the English 

Cretaceous and Eocene Series. 8vo. London, 1 884. 

. The Age of the Basalts of the North-east Atlantic. 8vo. 

Belfast, 1884. 

Gaudry, A. Sur un Sirenicn d’espi^ce nouvelle trouvd dans lo 
bassin de Paris. Svo. Paris, 1881. 

. Nouvelle note sur les Reptiles Permiens. Svo. Paris, 

1885. 
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Gdnitz^ H, B, TJeber die Grenzen der Zechsteinformation und der 
Dyas iiberhaupt. 4to. Dresden, 1885. 

Genfh^ F, -4., and G. Vom Bath, On the Vanadates and lodyrite 
from Lake Valley, 8ierra Co., New Mexico. 8vo. Philadelphia. 

Gilpin, E, Notes on the De Bert Coal-Field, Colchester Co., N.S. 

Goodchild, J, G. Contributions towards a List of the Minerals 
occurring in Cumberland and Westmoreland. 8vo. Carlisle, 
1885. 

Oossdet, J, Note sur deux roches cristallines du terrain devonien 
du Luxembourg. 8vo. LiUe, 1884. 

. Note sur les schistes de St. Hubert dans le Luxembourg et 

principalement dans lo bassin de Neufehateau. 8vo. Lille, 
1884. 

. Note sur (juchiuea affleurements des poudingues dtwonien et 

liassique et sur rexistcnco de depots siluriens dans TArdenne. 
8vo. Lille, 1884. 

. Eemanpies sur la fanne de Tassise de Vireux ^ Grupont. 

8vo. Lille, 1 884. 

Snr la faille de Bemagne et sur le metamorphisme qu’elle a 
produit. 8vo. Lille, 1884. 

. Note sur les schistes do Bastogne. 8vo. Lille, 1885. 

. Sur la structure geologi({ue de TArdenne d apres von Lasaulx. 

8vo. Lille, 1885. 

Great Britain. Giohxjical Sunny, Memoirs. Vol. iii. (North 
Wales.) 2nd edition. 8vo. Loudon, 1881. 

Green, W, L, The A'olcanic Problem from the point of view of 
Hawaiian Volcanoes. 8vo. Honolulu, 1884. 

Greenland. Meddelelser om Grdnland. Hefte 4-0. 8vo. Copen- 
hagen, 1882). And Till a‘g til Heft 5. 4to. Copenhagen, 1883. 
Pre^enUd hy Prof, F, JoJnistrup, 

Grhru h, J, S. G(‘onoray : Creation of the Continents bj" Ocean 
Currents. 8vo. Philadelphia, 1885. 

GrotJi, E, It, G, An Essay on the Origin and Development of the 
Holar System. 8to. London, 1 884. 

Groth, P. Physikalische Krjstallographie und Einleitiing in die 
krystallographische Kenntuiss der wichtigeren Substanzen. 
Zweite Auflago. 8vo. Leipzig, 1885. Pimhased, 

Gumbel, K. W. von. Geologic von Bayern. 1‘' Theil. Gruudzug(* 
der Geologic. Lief. 1 & 2. 8vo. Casscl, J 884 & 1885. Purchased 

. Uober die Beschaffenheit der Mollusken-Schalen. 8vo. 

Stuttgart, 1884. 

VOL. XLI. 
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Guim^J. On Coal-Pidds in the Eastern Counties. 8vo. Norwich, 

1886. 

Haa$t^ J. von. In Memoriam : Ferdinand E. von Hochstetter. 8vo. 
Christchurch, N.Z„ 1884. 

HaU^ James, Descriptions of the Species of Fossil Eeticulate 
Sponges constituting the Family Dictyospongidae. 8vo. Albany, 
1884. 

HarJceTy A. Graphical ^Methods in Field-Geology. 8vo. Ix)ndon, 

1884. 

. On the Successive Stages of Slaty Cleavage. Svo. London, 

1885. 

. The Cause of Slaty Cleavage : Compression v. Shearing. 

8ro. London, 1 8.^5. 

. The Oolites of the Cave District. Svo. 

Harnson, J. 7’. ( )n the Sources of 'Water Sui)ply for the Metro])olis. 

4to. London, 1^'^4. Parliamentar\ Iveturn. 
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— . Descri])tions of some new Tertiary Shells from Wanganui. 
8yo. Wellington, 1<S83. 
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referable to the Genus Echinoenns, from the Palmozoic Rocks. 
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Kuntze^ 0. Ueber gasogen-sodimentare Entstehung der Brgesteine. 
8vo. Leipzig, 1884. 

Kusta^ J, Thelypltonus hohemicus, n. sp. Ein Geisselscorpion 
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rania, Part I., by P. and W. G. Platt. 8vo. Har- 
risburg, 1877. 

, Part II., by F. and W. G. Platt. 8vo. Harris- 
burg, 1877. 

H^. Report of Progress in Indiana County, by W. G. Platt. 
8to. Harrisburg, 1.^78. 

H,. Report of Progress in Armstrong County, by W. G. Platt. 
Harrisburg, 

H^. Rep<ut of Progress in Jefferson County, by W. 0. Platt. 
>vo. Harrisburg, 

H. . A Revidi(>n <>t the lUtuiuinous Coal Pleasures of Clear- 

!i»*](l ('ounty, by H. M. Chiuue. v^vo. Harrisburg, 

I. Rej>oi*t of Pn»gress in the Venango County District, by 

John F. (‘aril, ( )]>'-ervati(>n> on the Geologj' 

ur«>uinl Waruu, h\ F. A. Kuinlall, and Note on the 
L(»iuparuti\e of north-eastern Ohio and north- 

^^«Ntern PeiinsOv.inia and Mt'stern New York, by 

J. P. Lesley, HarriA)urir. 

Ij. R<*})(»rt oi Ih'ogre-"-, Oil-well Rt‘e«)nl». and Levels, ])y John 
F. Carll. ^vo. Harrisburg, 1^77. 

Ij. The (leologv ot the Oil Regions ot AVarren. Venango, 
Clarioji, and HutJ«‘r Counties, including Surv’eys of the 
Garland and I^uiaina ( ongIoinerate‘s in Warren and 
Crawford, and in Chat.inqua Co., N. Y. ; d(‘scriptioiiH 
of Oil-well rig and louK. and a diseuh*^ioii of the Pre- 
glacial and Postglacial drainage of the Lake-Krie 
country, ])y John F. Carll. 8vo. llarrishurg, IS^O. 
With maps, Ac. 

(icologicul lleport on Warren County and tlie neighbour- 
ing Oil Regions, ^^itli additional Oil-\\e*]i Records, by 
J. F. ('aril. «'^vo. Harrisburg, lSv^r*l 

J. Special Report on tlie Petroleum of l^ennsylvania, its pro- 

duction, transportation, manufacture, and statistics, 
by Henry E. Wrigley. .^vo. Harrisburg, 1875. 

K. lle})ort of Progress in the Green and W asbington 1 lisirict 

of the Rituminous Coal Fields of Western IVnnsylvania, 
by J. J. Stevenson. Hv'o. Harrisburg, 1870. 

Kj. Report of JVogr(‘ss in the J'ayctte and W(‘stmoreland 
llistrict of the Bituminous Coal Fitdds of Western 
Pennsylvania, Part 1., by J. J. Stevenson. 8vo. 
Harrisburg, 1877. 

K . , Part II., by J. J. Stevenson. 8vo. Harrisburg, 

1878. 
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L. Special Bcport on the Coke Manufacture of the Youghio- 

gheny River Valley in Fayette and Westmoreland 
Counties, with geological notes of the Coal and Iron-ore 
Beds, by FrankHn Platt. 8vo. Harrisburg, 1876. 

M. Report of Progress in the Laboratory of the Survey at 

Harrisburg, by Andrew S. McCreath. 8vo. Harrisburg, 
1875. 

Mj. Second Report of Progress in the Laboratory of the Survey 
at Harrisburg, by A. S. McCreath. 8vo. Harrisburg, 
1870. 

M3. Third Report of IVogress in the Laboratory of the Survey 
at Harrisburg, by A. 8. McCreath. 8vo. Harrisburg, 
1881. 

If. Report of Progress. Two hundred Tables of Elevation 
above tide-level of the railroad stations, summits, and 
tunnels • canal locks and dams, river riffles, &c., in and 
around Pennsylvania, by Charles Allen. 8vo. Harris- 
burg, 1878. 

O. Catalogue of the Geological Museum, by Charles E. Hall. 

Part 1. 8vo. Harrisburg, 1878. 

O3. . Part 2. 8vo. Harrisburg, 1 880. 

P. Description of the Coal Flora of tlie Carboniferous Forma- 

tion of Pennsylvania and throughout the Uuited States, 
by Leo Lf‘squereux. Volt., i. and ii. (in one voL). 8vo. 
Harrisburg, 1880. Atlas. 8vo. Harris! )urg, 1879. 

. Yol. iii. 8vo. Harrisburg, 1884 (Text and Plates 

in one vol.). 

Py. The Permian or Upper Carboniferous Flora of West Vir- 
ginia and S.W. Pennsylvania, l)y W. M. Fontaine and 
1. C. White. 8vo. Harrisburg, 18^'^0. 

Pg. Ceratiocaridix) from the Upper Devonian Measures in 
Warren County^ by C. E. Beecher ; Euryptoridao from 
the Lower Productive Coal Measures in iWver County, 
and tlu* Jjower Carl>oniferous, Pithole Sh.iJe, in Venango 
County, ])y J. Hall. 8vo. Harrisburg, 1884. 

Q. Report of Progrc'ss in the Beaver River District of the 

Bituminous Coal Fields of Western Pennsylvania, by T. 
C. White. 8vo. Harrislmrg, 1878. 

Q3. The Geology of Lawrence County, by 1. C. White. 8vo. 
Harrisburg, 1879. 

Qy. The Geology' of fiercer County', by I. C. White. 8vo. 
H arrisburg, 1 88( ) , 

The Geology of Erie and Craw'ford Counties, by I. 0. White. 
Discovery' of the Preglacial Outlet of Lake Erie, by J. W. 
Spencer. 8vo. Harrisburg, 1881. 
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ll. The Cieology of ^MeKeaii and its (onneeti »ri with 

that ot Cameron, Elk, and Foiest, In Chas. V. AhIi- 
burner. M'o. Harrisburg:, Mso Maps and 

Chai't^. ^vo. 

R. (Appendix A.) l)rillin<?s for Coal in N'lijeant '^()^^^shi]>, 
McKean County, by N. E. Joiu*s, J. W Lesley, and C. A. 
Ashburner. ^v(). Harrisburg, 

T. The (leolojry of Blair County, liy F. Tlatt. 8vo. Harris- 
burg, 18S1. 

T. Geolog} of Blair County, by J. J. Stevenson. Atlas. Svo. 

Tj. The Geology of Bedford and Fulton Counties, by J. J. 
Stevenson. Svo. Harrisburg, 1882. 

T^. The Geology of Centre County, by E. V. d’lnvillicrs. Svo. 
Harrisbuig, 1884. 

V. Parti. The Xorthern Townships of Butler County. Part 2. 
A special Survey made in 1875, along the Beaver and 
Shenango rivers, in Beaver, Lawrc‘nce, and Mercer 
Counties, b} H. AL (’hance. Svo. Harrisburg, 1884. 

V^. The Geology of Clarion Count}, by H. M. Chance. Svo. 
Harrisburg, 18^0. 

Z. Re|)ort on the Terminal Aloraine in lVnns}lvania and 
Weatem New York, by H. C. Lewis. 8vo. Harris- 
burg, I^"'4, 

Pennsylvania. Second Geological Sunv\. Ilejiorts A^, B, B^, 

c, a, c\, 1), I) , E, F, G, (i , (;,, (;„ H, ii . II , ir,, h,, i, i , i„ 
J, K;, K,, L, M_. N, O. O , P, P , (L a_, K, T, y, V . svo. 
Harrisburg, 1''75 ^4. Prt,^tnttd hj //. Bmn nnan^ Kstj., F,G.S, 

Penj^ G, A, p]stati.stica agiitdla do Distiicto de Beja. Parte 2 A 8. 
4to. Lislx)n, J^''4-'*'5. 

Petzholdt, A, 8ili( iH< atiou organischer Kurpt*r. 4to. Haile, 1852. 
Preaetitid htj Prof, P. M, F.ll.S, 

PhiJVj/s, J, Arthur. A Tn atise on Ore Deposits. 8vo. JiOndon, 
1884. 

Pichler, A. Beitragc* /ur Geognosie Tirols. svo. lihs})ruck, iSoJ). 
P resented h>f A. W. Wain's, Fsrj.^ F.(r S. 

Partis, A. Les Chelonieiis de la mollasse Vaudoise conserves dans 
le Alusee Geologique d(* Lausanne. 4to. Geneva, 1 8S2. 

. 11 calcare del Monte Tabor. Piemonte. 8vo. Turin, 1882. 

. II cervo della torbiera (li Trana. Svo. Turin, 1882. 

. Nuovi ehelonii fossil i del Piemonte. 4to. Turin, 1882. 

. Nuovi btudi sullo traccie attribuite alP uome I^lioccnicc. 4to. 

Turin, 1882. 

. Coutribuzione alia ornitolitologia Italiana. 4to. Turin, 

1884. 
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Portug iL Communicacjoes da scc^ao dos trabalhos geologicos de 
Portugal. Tomo i. Fasc. 1. 1885. 8vo. Lisbon, 1885. Pre- 
s€iit< (I hy that Survey. 

Putman, C. E. Elephant Pipes in the Museum of the Academy of 
Natural Sciences, Davenport, Iowa. 8vo. Davenport, 1885. 

Queensland. Report on the Tin Mines of Herberton, Western, and 
Tliompson’s Creek Districts, and the Silver Mines of the Dry River, 
by E. L. Jack. 4to. Brisbane, 1883. 

. Report on the Mount Morgan Cold Deposits, by B. L. Jack. 

4to. Brisbane, 1884. 

. Report on the Hodgkinson Gold-field, by E. L. Jack. 4to. 

Brisbane, 1884. 

Quenstedt, Fr. Aug. Die Ammoniten des schwabischen Jura. 

Hefte 4 & 5. 8vo. Stuttgart, 1884. And Atlas, 4to. Pm^ 
chased, 

. Handbuch der Petrefaktenkunde. 3e Auflage. Abth. 3 & 4. 

8vo. Tubingen, 1884, 1885. Purchased. 

. Petrefaktenkunde Deutschlands. Abth. 1. Band vii. 

Hefte 5 & 6. Gasteropoden, Hefte 5 & G. 8vo. Leipzig, 1884. 
Atlas, 4to. Purchased. 

Eeade, T. M. Denudation of the two Americas. 8vo. Liverpool, 
1885. . 

Eekl, G. On Norfolk Amber. 8vo. Norwich, 1884. 

. On recent Additions to the Fauna and Flora of the Cromer 

Forest-Bed. 8vo. Norwich, 1884. 

Eeid, J. Notes on the Origin and Development of Granitic and 
other allied Varieties of Plutonic Rocks. 8vo. Edinburgh, 
1885. 

Reinsch, P. F. Micro-P<ilaeo-Phylologia Formationis Carboniferae. 
2 vols. 4to. Erlangen, 1884. Purchased, 

Eeuard, A. Recherches sur la composition et la structiiio des 
phyllades ardennais. 8vo. Brussels, 1884. 

Eenevii r, E. Le Musee Geologique de Lausanne cn 1883. 8vo. 
Lausanne, 1884. 

. Les facies geologiques. 8vo. Geneva, 1884. 

. Rapport sur la marche du Musee Geologique Vaudois en 

1884, avoc unc notice sur Tichthyosaurc acquis pour le musee. 
8vo. Lausanne, 1 885. 

Rogers, W. B., A Reprint of Annual Reports and other 1 Pipers on 
the Geology of the Virginias, bj' the late. 8vo. New York, 
1884. Presented hy Mrs. Eager s. 
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Bomanowski, G. Matcrialien zur Geologic von Turkestan. Lief. 1. 
4to. St. Petersburg, 1880. 

. . lief. 2. [In Russian.] 4to. St. Petersburg, 1884. 

Presenttd hy ilu liimian Oeologkal Society, 

Russia. GomiU yiohyiqxie dt la Rimle, Memoires. Vol. i. Nos. 2 
& 3. 4to. St. Petersburg, 1884. 

. . . Tol. ii. No. 1. 4 to. St. Petersburg, 

1884. 

. . Reports for 1884. Tome iii. Nos. 3-10. 8vo. 

St. Petersburg, 1884 & 1885. 

. ^ Reports. Vol. iv. I'arts 2-5. 1885. 

Saporta, G. Les organismos problematic} ues des anciennes mers. 
4to. Paris, 1884. Purchased. 

, ct A. F. Marion. LVvolution du regne vegetal. — Les 

Phanerogames. 8vo. Paris, 1885. 

Sartorius von IValtcrsbaiiscii, W. Fiitersucliiingeii iiber die Klimate 
der Gegeiiwart und der Vorwelt mit besondercr Reriicksicditigung 
der Gletscber-Erseheiiiungeu iu d(T Diluvial/tdl. 4to. llaarlem, 

1885. PvismUd hy A. IF. AVy., F.G.S, 

Saxony, (hohuilsch* SjH dallarU dis Koutyreichs Sachsen, Erlau- 
terungen. Blatt 20, Miit/>chen : Hiatt 1 25, Kirchberg ; Hiatt 1 29, 
Zeddit/ ; Hiatt 137, Schwarzenberg ; Hiatt 145, Eibenstock : 
Hiatt 147, Wieacntbal. 8vo. Ix-ijjzig, 1884. 

Scoresby, J. W. Journal of a Voyage to the Northern Wliah* 
Fihherv* ; including: lh‘»earehes and Discoveries on the Eastern 
Coast of West (Greenland made in the summer of 1822 in tin* shij) 
‘Baffin’ of Liverpool. 8vo. Edinburgh, 1823. Pnsittt(d hy 
A, TV. Waters y Es<j,, F.G.S, 

Scudder, S. H. Nomenelator Zoologiciis. Svo. Washington, 
1882-84. Piirchas( d. 

Scudder, S. Jf, A Contribution to our* Knowledge of Palieo/oie 
Arachnida. 8vo. 1884. 

. Tria^^ic Insects from the Rocky 31 oun tains. Svo, N(‘W 

Haven, 1884. 

. Dictyoaeara and the Allied Insects of the Car])oniferous 

Epoch. 8vo. Boston, 1885. 

. New Genera and Species of Fossil (Jockroachos from th(* 

older American Rocks, ^vo. Philaddjihia, 1885. 

The earliest Winged Insects of America. 4to. Cambridge, 
Mass., 1885. 

Seeley, If, G. Manual of Geolog}’, Th(*oretical and Practical ; ]>y 
John Phillips, edited by R. Etheridge and H. G. Soeley. Paid/ I. 
Physical Geology and Paheontology, by 11. (L Hecley. 8vo. 
London, 1885. 
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Selwyn^ A, B. G,^ and G, M, Dawson, Descriptive Sketch of the 
Physical Geography and Geology of the Dominion of Canada. 
8vo. Montreal, 1 884. 

Shipman, J, Geology of the Parish of Lent on, part of the Borough 
of Jirottiughani. 8vo. London, 1884. 

Shruhsole, 0. A, On certain less familiar Forms of Palaeolithic 
Flint-Implomcnts from the Gravel at Beading. 8vo. London, 
1884. 

Sim])son, Martin. The Fossils of the Yorkshire Lias, described 
from Nature, with a carefully measured section of the strata and 
the fossils peculiar to each. 2nd edition. 8vo. Whitby, 1884. 
Purchased, 

Smith, J, R, Expository Thoughts on the Creation. 8vo. London, 

n. d. 

SoJlas, W, J, On the Origin of Freshwater Faunas : a Study in 
Evolution. 4to. Dublin, 1884. 

South Australia. Mr. AViniiecke’s Ex])lorations during 1883. 4to. 
Adelaide, 1881. PnsniUd hy the Colonial Government, 

. Beport of Govcrninont Geologist (II. Y. L, Brown). 4to. 

Adelaide 18.84. Preseided by the Colonial Government, 

. , 1881. 4to. Adelaide, 1884. Presented by the 

Colonial Govirnnnnt, 

. Beport of Government Geologist re Visit to Fur North. 

4to. Adelaide, 1884. Presented by the Colonial Government, 

Work in 1 Progress in Geological Department (II. Y. L. 
Brown). 4to. Adelaide, 1884. Presented by the Colonial 
Government, 

Spain. Gmnision dil )napa yeoloyicade Espana, Bolctin, Tomo xi. 
Cuaderno I. 1884. 

. Terremotos do Andalucia. Informe de la Comision nom- 

brada para su estudio dando euenta del estado do los tiabajos en 
7 de Marzo de 1885. JWsenied by the Commission, 

Sprati, T, A, B, Beport on the Present State of the Navigation of 
the Biver Mersey (1883). 8vo. London, 1884. 

Stanley, W, F, On certain Effects which may ]iav(‘ been produced 
in the Atmosphere by Ideating Particles of Volcanic III alter from 
the Eruptions of Krakatoa and Mount St. Augustin. 8vo. 
London, 1884. 

Steno, Nicolaus. The Prodromns to a Dissertation concerning 
Solids naturally contained within Solids. Englished by H. 0. 
8vo, London, 1071. '^Presented by Clinunt Reid, Ksq„ F,G,S, 
Stirling, J, Notes on a Geological Sketch-section through the 
Australian Alps. 8vo." ’'Adelaide, 1884. 

. The Phanorogamia*of the Mitta-Mitta Source Basin. Art. 2^ 

8vo. Melbourne, 1884. 
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Stop|>ani, A. 8t udii ^eolog-ici e pnlcontolo^’ci sulJa Lombardia. 
8vo. Milan, 1858. PrcscnUd hj A, JV, WaUrs^ 

Stur^ D, Ueber Stoinkohleii-Plianzen von Llanelly und Swansea 
in South Wales, England. Svo. Yienna, 1884. 

Sweden, (koloifisha UiuhrsiiJcnhuj, Ser. A a. Beskrifningar till 
Kartbladen i skalen ^^8 (1883) & 91 (1884). Svo. 

Stockholm. 
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. Ser. A b. Beskrifning till Kartblad i skalan 

Xo. 10. Svo. Stockholm, 1883. 


— . . Ser. Ba. Cartes gem Tales a vec descrijit ions, No; 4. 

Annexe exjilieative a la carte geologiquc generale de la Suede. 

EcheUe - ^ Eeuille meridionule. Svo. Stockholm, 

luooooo* ’ 


. . Ser. C. Afhaiidlingar och njiji.satser. No. 5^. Om 

Basalttuffeii vid Djupadal i Skaiie, af F. Eichstadt. Svo. Stock- 
holm, 18^3. 

. , . . No. 60. ]\Iikroskopivsk undersbk- 

ning af de vid Djupadal i Skfint* for(‘kommaiido basaltbergarterna, 
af E. Svedmark. 8vo. Stockholm, 1 ^83. 

. . . No. 61. Stud icr vid Svcnska Joklar, 

af F. Svenoniiis. Svo. Stockholm. 18M. 

. . . . No. ()2. Om Siljanstraktens Sand- 

stenar, af M. Stolpo. Svo. Stockholm, 18S4. 

^ ^ ^ ^ No. 63. Ce])hal()])odcrna i Svcriges 

Kritsystem, af J. C. Moberg. i*art 1 . 4to. Stockholm, 1 S84. 

. . . . No. 6*4. IVaktiskt geologiska under- 

sbkningar inom iiorra delcii af Kalmar Ian 4t(). Stockholm, 
18S4. 

. . . . No. t)6. I'ndcrsbkningar ofver 

Siljan.somriidets Trilobitfauna, af S. L. Tornquibt. 4to. Stock- 
holm, 1^84. 

Symons^ B. The Maidanpcc Wot Process for the Ileducliori of 
certain poor Cupreous Ores. Svo. Truro, 1884. 

Szajnocha, L. Zur Kenntniss dcr mittelcretaribchen Cephaloj)odon- 
Pauna der Irihcln Elobi an dor Wcstkiistc Afrika’s. 4to. Vienna, 
1884. 

Tasmania, lieport of Inspector of Mines for 1883. 4 to. Hobart, 
1884. Freseatal htj tluit Government, 

Tate^ B, Description of new" Species of Mollusca of the Upper 
Eocene beds at Table Cape. 8vo. Adelaide, 1884. 

. Notes of a Critical Examination of the Mollusca of the older 

Tertiary of Tasmania all(‘ged to have living rei)re8cntativeB. Svo. 
Adelaide, 1884. 
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Tate, B. ^^'otes on the Physical and Geological Features of the 
Basin of the Lower Murray Eiver. 8vo. Adelaide, 1884, 

TamcJi^ L. Ueber cinigo Conchylien aus dem Tanganyika -See und 
dercn fossil c Vorwandte. 8vo, Vienna, 1884. 

Tetsseyre^ L. Dor podolisclic Hiigolzug der Meodoboren als ein 
sarmatisches Bryozocn-lliff. 8vo. Vienna, 1884. 

Thome de Gamond, A. Etude pour Tavant-projet d’un Tunnel 
sous-marin entre I’Augletcrre et la France reliant sans rompre 
charge les ohoinins de for de cos deux pays par la ligne de Grisnez 
h, Eastware. 4to. Paris, 1 S57. ParcJuisecL 

. Account of the Plans for a new project of a Submarine 

Tunnel between England and France, produced at the Universal 
Exhibition of 18G7. Second edition. -Ito. London, 1870. 
FurcJtased, 

Thorodd^er^ T. Oversigt over do islandske Vulkaner Historic. 8vo. 
Copenhagen, 18<^2. 

Topley^ W, lleport u])on the National Geological Surveys of 
Europe. 8vo. London, 1884. 

Tuula, F, Grimdlinien der Geologic dcs westlichen Balkan. 4to. 
Vienna, 1881. 

, Goologische Uebersichtskartc dor Balkan-Halbinsel. 4to. 

Gotha, 1882. 

. Die ini Bereiche der Balkan-Halbinsel geologisch unter- 

suchten liouten. 8vo. Vienna, 188^. 

. Matorialieii zu eiiier Geologie dor Balkanhalbinsel. 8vo. 

Vienna, 1883. 

Goologische Untersuchungen im centralen Balkan und in 
den angren/enden G(‘])ieten. Hvo. Vienna, 1884. 

. Goologische Untersuchungen im westlichen Thoile des 

Balkan’s und in don angronzciiden Gebicton. 8vo. Vienna, 
1875-84. 

. Ueber Amphicyon^ Hycvmoscliifs und Blihioceros (Acerch 

tlierium) von Gbriach bei Turnau in Stciermark. 8vo. Vienna, 

n. d. 

Tryon, George W., Jnn. Structural and Systematic Conchology : 
an Introduction to the Study of the Mollusca. 3 Vols. 8vo. 
Philadelphia, 1882-84. ParcJuised, 

'Tschernyschew, T, Der jiermische Kalkstein im Gouvornemont 
Kostroma. 8vo. St. Petersburg, 1885. 

Turstig, J. See Dorpat, Nat. Gesellsch. 

Tylor^ A, Now Points in the History of Roman Britain, as illus- 
trated by Discoveries at Warwick Square, within the City of 
London. 4to. l^ondon, 1884. 
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United States. Geological Svn'cg. Monographs. Vol. v. The 
Coi>per-bearing Hocks of Lake Superior, by 11. D. Irving. 4to. 
Washington, 1883. 

. . Third Annual Ileport (1881-821. Roy. 8vo. 

Washington, 1883. 

. . (rcolog)’ of tho Comstock liOdo and the Washoe 

District, by (L F. Becker. 4to. Washington, 1882, Atlas, 
fol. 

. . ]\[incral Resources of the Uni ted Slates, by Albert 

Williams, Jimr. 8vo. Washington, 1883. 

. . Atlas to accompany the Monograph on the Geology 

and Mining Industry of Le»ld^ille, Colorado, by iS. F, Fhnmom. 
Fol. Washington, 1 883. 

Van tlen Broecl\ E. Reponso aux critiques dc M. 0. van Ertbom 
relatives aux donnees utilitairc's de la feiiille de Hilscn d(‘ la carte 
geologi(]ue detailk'e de la Belgique. Svo. Renaix, 1881. 

Vdains^ C, Le*- Volcans, co qu'ils boiit et cc qu'ils nous apprennent. 
8vo. Paris, 18M. 

Yerbeek. R. D. M. Krakatau. Partic 1. ^vo. Batavia, 1885. 
Pnsndtd Inf tin Xdlnn^IatiJs Goiu nnneni, 

Victoria, (hdd Fields. Rc'ports of the Mining Surveyors and Re- 
gistrar.''. (luaiter ended 31st !March, 18'^4. dto. Melbourne, 
^18>1. 

. . . Quarter ended 3uth Juno, 1884. 4to. Mel- 

bounie, 1^8 1.. 

. . . (Quarter ended 3()lh Septoraher, 1884. 4to. 

Melbourne, I8s4. 

. . . (luartcr ended 31st Dec(‘mher, 1884. 4to. 

Melbourne, 18^4. Pn suited hg the JJinl,stcr of Ml 

. Mi ii oral Statistics for 18^3. 4to. Melbourne, 1884. Pre- 
sent d Ijif the Minister of Mint 'i, 

. Patents and Pahuitees. Indexes for th(‘ \ear 187S. Yol. 

xiii. (by It. Gibb.s, Registrar-General). Ito. Melbourne, 1882. 

. . Indexc.s tor the year 187b. Yol. xiv. 4to. Mel- 
bourne, 1881. 

. lb port of the Chief Ins])eetor of JVfines to the Jlonourahle 

the Minister of Mine^ for the y(‘ar 1883. 4to. Melbourne, 
1884. 

Fine^ tV. IL Reports I.-V. of the Committee apj)ointcd for the 
purpose of re])orting on the Carbonif(Tous Polyzoa. Svo. Lon- 
don, 18S()~s4. 

— . Notes on the Carboniferous Polyzoa of North Yorkshire. 
Svo. Leeds, 1881. 
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Vine^G.B, Notes on the Carboniferous Polyzoa of West Yorkshire 
and Derbyshire. 8vo. Leeds, 1883. 

. . 8vo. Leeds, 1884. 

. Notes on the Carboniferous Entomostraca and Foraminifera 

of the North- Yorkshire Hhales. 8vo, Leeds, 1883. 

. . 8vo. Leeds, 1884. 

. Notes on Species of AscodicUjoa and Wiopalonaria from the 

Wcnlock Shales. 8vo. London, 1884. 

. Further Notes on new Species and other Yorkshire Car- 
boniferous Fossil Polyzoa dcscri])ed by Prof. John Phillips. 8vo. 
Leeds, 1884. 

Vom lliitli, 6r. Mineralogischc Notizen. 8vo. Bonn, 1885. 

. Vortrage und Mittheilungen. 8vo. Bonn, 1885. 

WaVeer, J, F. On Wctldheiinia Beniardina. 8vo. York, 1884. 

WappoDUs, J. E. A goograi)hia physica do Brasil. 8vo. Rio de 
Janeiro, 1884. Presentid hij 0. ^1. Derhtj, Esq, 

War Office. Armi/ Medical Department, Report for 1882. Vol. 
xxiv. 8vo. London, 1884. 

Webster’s Royal Red Book for 18 S5. Presented hy Messrs. Webster 
and Larlcia, 

Western Australia. Report on the Geology of the Kimberley 
District, W. A., by E, T. Hardman, 4to. Perth, 1881. 

. Rei)ort upon the Work carried out by the joint Admiralty 

and Colonial Marino Survey Departiucnt during the year 1884, 
comprising also a Report upon the capabilities of Cambridge Gulf 
as a Port, with other information regarding the N.W. coast of 
Australia, by Staff-Commander J. E. Cochlan, ll.N. 4to. Perth, 
1885. Presented hy the Colonial Government, 

Wheatley, II, B, A List of English indexes. Svo. London, 
1879. 

I^hitalcer. W, On the Area of the Chalk as a Source of Water- 
Supply. Svo. London, 1884. 

Williams, IJ, S, On the Fossil Faunas of the Upper Devonian 
along the meridian of 76° 30', from Tompkins County, N.Y., to 
Bradford County, Pa. Svo. Washington, 1884. 

Wilson, E, The Lias Marlstone of Leicestershire as a Source of 
Iron. Svo. Birmingham, 1885. 

Wilson, J, S, G,, and II, M, CadclL The Breadalbano Mines. Svo. 
Edinburgh, 1884. 

Wisconsin. (Descriptive America.) Fol. New York, 1884. Pre^ 
sented hy J, Hobbies, Esq, 

Witcliell, E, The Geology of Stroud and the Area drained by the 
Frome. Svo. Stroud, 1882. 
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Food, J. J. Ocnoral Oi'oWictJ St'ctidii. (Tal.Ic-.) 

^ , , ,, ii,,, u-in"' of a Xt'urontonms IbhopI from 

from South Australin, Svo, liOJifioii, 

Troo</<<v/r(/, //. B, Earthquakes and iSuhsideiices in Sorfolk, Svo. 
Norwich, 


. Life of R. A. C. God win- Austen. Svo. London, ISSA. 

}Vri(//it, T. Monographs on British Fossil Echinodemiata. [ Fiih- 
lished in the Monographs of the Palaeontological Society, and 
hound in 3 vols.] Beijnest, 

Yearbook of Scientific and Learned Soci('ties of (ireat Britain and 
Ireland. First Annual Issue. 8vo. London, I8S4. 


. Second Annual Issue. 8vo. London, ISSo. Priscntid hj 

Mmsrs, GriJJin Co. 

Zifjno., Baron A. de. Due nuovi Pesci Fossili della famiglia dei 
Balistini scoj^erti nel terreno eocene del Veronese. 4to. Xajdes, 
1S84. 


. Flora Fossilis Forraationis Oolithicae. Vol. ii. Partiv. a, 

V. a. 4to. Padova, IS^o. 

Zittel, K. A. H indbucli der Pala?ontologio. P)und i. Abth. 2, Jdef. 3. 
8vo. Munich, L'^^4. Purclumd. 


3. Maps Ac. 

Tin iKDnfs of Donors in Jtalics. 

Belgium, (’arte geologapie. Fenillo de ^Moda’ve, Virton, Ruette, 
Laraorteau, Lauden, St. Trend, Heers. Seale PrisenteJ 

by the Royal Museum of RaturaJ History of Bthjunn. 

Canada, Geoloykal Sunuy. Maj) of the Dominion, geologically 
coloured from .surveys made by the Geological (V)rps, ls42 to 
1882. 2 sheets. Scale 43 miles = 1 inch. 

England and M’ales. GcoUyjkal Survey. Sheets and (juarter-hhoots. 

Solid. 4SS.AV.; 51 :S\W.,S.E.; G8N.W.; bl IS\E.; U3N.K : 
06 N.E., S.E. ; 118 >MV., S.W. ; 1)1) S.E. ; N.E. 

Drift. 48 ^ .W., N.E., S.W.; 40 iS., S.; 50 N.W., IS.E., S.W., 
S.E. ; 51 y.E., S.E.; 66 X.K., S.AV., S.E. ; 67 S.W. ; 

68 X.W., S.W. ; 84 ; 85 ; 01 S.E. ; 0:i N.E. ; 04 K.W., N.E., 
S.W., S.E. ; 06i\.W., X.E., S.W., S.E. ; 102N.E.; 103 
S.W., S.E. ; 104 S.W. 

Horizontal Sections. Sheets 122, 123, 125, 128, 130 to 130 
inclusive. 

Vortical Sections. Sheets 68, 60. 

France. Carte geologique detaillee do la France. Feuillcs 15, 
44, 46, 63, 96, 90, 115, 138, 148, 178, 188, 216, 217 ,228, 220. 
Scale TTriTTjT* Purchased. 
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Norway. Geologishe Undersogelse. Kartbladet 25 b, 26 a, 46 c, 
47 D, 50 0, xtjTo'Di)* 

Ordn ance Survey Maps. Presented by the First Commissioner of WorJcs^ 
One-inch General Maps. 

England and Wales. Outline. New Scries. Quarter-sheet 
242. 

Ireland. Hills. Quarter-sheets 174, 198, 192. 

Scotland. Hills. Sheets 107 and 114. 

. Outline. Sheets 50, 59, 68, 78, 80, 88, 90. 

Six-inch County Maps. 

Bedfordshire. Quarter-sheets 7 N.W., N.E., S.W., S.E. ; 
8 S.W. ; 9 S.W. ; 11 N.E., S.E. ; 12 N.M\, N.E.; 14 
S.W.; 17 S.W. ; 18N.E. ; 19N.W.,S.W.: 20 N.W. ; 21 
N.E., S.E.; 22 N.E., S.W\ ; 23 N.E., S.E.; 24 N.W., 
N.E., S.W.; 30 N.W. ; 32 N.E., S.W., S.E. ; 33 N.W., 
N.E., S.W. 

Brecknockshire. Quarter-sheets 32 N.W. ; 45 N.W., N.E., 
S.W., S.E. ; 50 N.W., N.E. ; 51 N.W. 

Buckingliamshire. Sheets 28, 29, 30, 35. 

— — N 

Cornwall. Quarter-shoots 1 Jf.E. ; 1 S.W. and S.E. mono; 
'2 N.W., S.W. : :5 S.W. ; 4 N.E., S.W. ; 5 N.E., 8.W., 
S.E. ; « N.W., S.W. : 7 S.E. ; S S.W., S.E. ; 10 N.W., 
N.E., S.W., S.E. ; 1 1 N.W., N.E., S.W., S.E. ; 12 S.E. ; 
12 N.E.; 14 S.W.; 1« N.E., S.W., S.E. ; 21 S.E. ; 22 
N.E., S.E. ; 2:5 S.W. ; 2!) S.E. 

Derhj shire. Quarter-shoots 3 N.E. ; 19 S.E. ; 28 N.W., 
N.E., S.W., S.E. : 2!) N.W., N.E., S.E. ; 30 N.W., S.W., 
S.E. : 33 N.W., S.W., S.E. ; 34 N.W., N.E., S.W., S.E. ; 
3.) N.W., N.E., S.W., S.E. ; 38 N.E.. S.E. ; 39 N.W., 
N.E. ; 40 S.E. ; 43 N.E. ; 43 S.W. ; 57 N.E. ; G N.W. 


and Lcico.stcr. Quarter-sheets G3 N.E. & 22 N.E. 

- - -t- - ^ 

audNottiiighamshire. Quarter-sheets 5 S.W. & 56 S.W., 

26 N.E. & 17 N.E., 26 S.E. & 17 S.E., 31 N.E. & 22 N.E., 
31 S.W. ic 22 S.W?, 31 S.E. & 22 S.e', 40 N.E. &’32 N.E.', 
46 S.W."^^ 

— and Staffordshire. Quarter-sheets 27 N.W. & 5 N.W.. 
'27 N.e7& 5 N.K.', 27sJ!7^ 5 S.E..' 32 S.E. & 9 S.E.', 
37N.E.&14N.E;, 38 S.W. *15 S.W.', 57¥.W. &4] N.W.', 
57 S.W. & 41 S.W.', 57 S.E. & 40 8.11, 50 N.E. & 47 N.eT^ 
59S?W. & 47 S.WT, 63Y.E. & 53 ¥e. 
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Devonsliire. Quarter- sheets 20 N.E.,8.E. ; 27 N.W., iST.E., 
S.W., S.E. ; 28 N.E., S.W., S.E. ; 38 N,E,, S.E. ; 30 
N.W., N.E., S.W., S.E.; 40 8.W. ; 40 N.E., S.E. ; 50 
N.W., N.E., S.W., S.E.; 51 N.E., S.E. ; 57 \.W., S.W.; 
<)1 X.\V., N.E., S.E.; 02 N.AV., N.E., S.W., S.E,; (*>3 
N.W., N.E., S.AV., S.E. ; 74 N.E., S.W., S.E. ; 75 N.AV., 
^\E., S.^V., S.E. ; 70 X.AV., N.E. ; 77 N.W., S.E. ; 78 
S.W. ; S3 X.E. : 87 N.E., S.W.. S.E. ; 88 X.W., S.W. ; 
00 X.AV., X.E., S.W. ; 07 X.AV., X.E., S.W. ; 08 N.W. ; 
104 X.E., S.E. ; 105 X.AV., X.E., S.W. ; 100 X.E., S.W., 
S.E.: 107 X.W.: 112 X.W., S.W. ; 132 S.W., S.E. ; 
130 X.W. 

Glamorganshire. Sheets 9, 10, 14, 10, 17, 18, 21, 21a, 22, 
23, 24, 20, 31, 32, 39, 44, 46. 

Glouecslershire. Quarter-sheets 13 S.W., S.E. ; 10 N.E., 
S.E.: 17 X.W., S.W.: 10 X.W., X.E., S.W., S.E. ; 20 
X.W., S.W.: 21 S.E.: 24 S.W. ; 20 X.W. ; 27 X.W. ; 
30 S.E. ; 31 X.E. ; 32 X.W. ; 33 X.E., S.W., S.E. ; 34 
X.AV.: 30 X^E., S.E. : 3s X.E., S.E. : 30 X.E., S.E. ; 
41 S.E. : 42 X.W., X.E., S.W., S.E, : 43 S.E. ; 44 X.W.. 
S.W.; 40 X.W., X.E.: 17 X.E., 8 E. ; 48 X.E. ; 40 
X.W.; 5oX\E., S.W.; 52 X.W. : 50 X.W., S.W. ; 58 

X.W. ^ 

and War^M(*kshi^(•. (luarUr-slieeis 1 S.E. ^ 43 S.E., 

3X.E. cCToX.iI, 4’s?W.'^^5<) S.W., eTxX^^ 55 X.W., 

55 S.K.lliX.W ^'‘10^ X.W. & 00 X.wT^ 


21 X.W. A: 01 X.W. 

— and Worcestershire. Qiuiit(‘r-hheeis 3 S.W. (k 43 S.A\ ., 
3 S E. <^13 S.E.. 0 X.E. it: 40 X.lk. 0 S. W. c'c -40 S.W., 


0 S.E. cC 40 S.E., S S.W. cV 51 S.W.. 11 X.E. ik 54 X.K, 
fl S.W. tTll^V., H S.E. cV 51 S.E., 12 X.E. & 55 
12M\T&"55^W., E^Wrji^X?^\^ r7”j^E7& 50 S.E.\ 


21 X.E. ikOl 
Heretordshire. 


X\E. 

Quarter-bheet 7 S.E. 


and Shropshire. Quarter-sherd 7 X.E. & s2 X.E. 

Hertfordshire. Sheets 0, 7, 11, 12, 13, 15, 18, 10, 20, 22, 

25, 27, 28, 20, 31 , 33, 38, 39. , 

and Bcdfordbhire. Sheet 20 and 31, 


and Shropshire. Quarter-sheet 7 X.E. & 82 X.E. 

Inverness (Isle of Eigg). Sheet 70. 

Lrdcefttershire. Quarter-sheets 3 X.W., S.W. ; 7 X.E., 
S.W.,S.E.; 8S.W.; lOS.W.; 13X.W.,8.W.; 14X.W., 
X.E., S.W., S.E.; 17 X.W., S.W., S.E; 18 X.E., S.W., 
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S.E.; 19 N.E., S.W., S.E.; 20 N.E., S.W. ; 23 N.E. ; 
24 N.W., N.E., S.W., S.E. ; 25 IST.W., N.E., S.W., S.E. ; 
26 N.W., S.W., S.E. ; 27 Is^.W. ; 33 N.W., S.W. 

^ 

Leicestershire and Derbyshire. Quarter-sh. 22 S.E. & 63 S.E, 

^ - A 

and Nottinghamshire. Quarter-sheets 2 H.W. & 44 S.W., 

2 S.E. &" 44 S.E., 5 S.E. &''45 S.E?,' 47 N.E'., 

6 ^7^47 S.E.', 7 N.W. & 48 N.w', 11 S.e7& 50 S.E., 


12 N.E. & 51 N. K., 1 2 S.W. & 51 S.W., 1 2 S.E. & 51 S J)., 
17 N.E. & 52 nTe. 


and Rutlandshire. Quarter-sheets 20 S.E. & 1 S.E., 

2? S.W. &Y s?v^, 7 ]’s!e! & 2 s.e 7 , 27IF.E. & 4 n.e', 

2'rs.Er&Ts!K, 28irE."&8N.K, sTs.E. & 8 S.E' 
Lincolnshire and Nottinghamshire. Quarter-sheets 21 N.W., 
S.W. ; 00 N.W., N.E. 

ilcrionethshire. Qnarter-sheets 16 N.W., N.E., S.E. 
Middlesex. Sheet 17. 

Monmouthshire and ( ilamorganshire. Sheets 10 and 6. 
Montgomery. Sheet 10 N.W., S.W. ; 15 N.E., S.E. ; 16 
N.W. ; 4;i N.W., S.W., S.E. ; 41 N.W. ; 40 N.W., N.E. 
Norfolk. Quarter-sheets 22 N.E., S.E. ; 23 N.W., S.W. ; 
33 N.E., S.E. : 34 N. W., N.E., S.W. ; 35 S.E. ; 41 N.W., 
N.E., S.E. ; 42 N.W., S.W. ; 45 N.W., N.E., S.E. ; 4(5 
N.W., N.E., S.W., S.E. ; 47 N.W., S.W.. N.E., S.E. ; 40 
N.W., S.AV. ; 50 N.W., S.W., S.E. ; 53 N.E., S.E.; 54 
S.W. ; 57 S.E. ; 58 N.W., S.W. ; 59 S.E. ; 60 N.W.. 
N.E. ; 01 N.W. ; 05N.E., S.E. ; 60 N.W. ; 69 N.E. ; 
70 N.W., S.W. : 72 N.W., N.E., S.W., S.E. ; 73 S.E. ; 
82 N.W., N.E.. S.W. : 84 N.E., S.W. ; 8.5 S.E.; 86 S.W., 
S.E. ; 88 N.E., S.E. ; 80 N.W., S.W. ; 01 N.E. ; 92 N.W., 
N.E.; 05 N.E. : 0<i N.E. ; 07 N.W., N.E., S.E. ; 98N.W.; 
104 N.W., N.E., S.E. ; 105N.W.,S.W.: 1 06 N.W., N.E., 
S.W. 


and Suffolk. Quarter-sheets 89 S.E. «!fc 3 S.E., 


91 S.E. & 5 S.E., 02 S.W. & 6 S.W., 92 S.E. & 6 S.E., 
93 S.ET&T’sli^ o's N.E. & 8 N.E., 08 S.w7 & 8 S.W^, 
ITb S.E. & 8 S.e7, 00 N.E. & 0 N.E., 00 S.W. & 9 S.W., 


100 N.W.*&10N.\W, r03 S.E. &14 S.E., 108 N.E.&22 N.E. 
Northamptonshire. Quarter-sheets 29 N.E., S.E. : 30N.W., 
N.E., S.W., S.E. ; 31 N.E., S.AV., S.E. ; 32 S.W., SJE. ; 
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ns N.W., N.E., S.W., S.E. ; 40 N.W., N.E., S.W.; 43 
N.W., N.E., S.W., 8.E. ; 44 N.W., N.E., 8.W. ; 45 8.E. ; 
40 N.W., N.E., S.AV., S.E. : 47 N.W., N.E. ; 49 8.E. ; 
50 N.W., N.E., 8.W., S.E. ; 51 N.W., N.E., 8.W., S.E. ; 
52 N.W., N.E., S.W., S.E. ; 53 N.W., N.E., S.W. ; 54 
N.W., N.E., S.W., S.E. : 55 N.W., N.E., S.W., S.E. ; 56 
N.W. ; 58 N.W., N.E. ; 5i) S.E. ; G2 N.W., S.W.. S.E. 


Northamiitoiisliire&Warwickhhirc. Qii.-sh. 20N.W. &29N.W., 
29 8?V\’7^2S) S.W., n5l^'jir& 35^., 35 S.E. & 35 S.E', 
42 N.E. & n N.eT, 42 S.W. & 41 S.AW, 42 S.E. & 41 S^, 


49 N.W. & 47 N.W., 49 X.E. vt 47 X.E.. 49 S.W.& 47S.W., 

92 S.W. & 6^., (ii) N.E. & 9 N.E. 

Nottinghamsliirc. Quarter-shoets I S N.W., N.E., S.W., S.E.; 
19 N.W.. N.E., SAY., S.K. ; 2(» N.W., S.AV. ; 23 N.E., 
S.W., S.E. ; 24 N.W.. N.E.. S.W.. S.E. : 25 N.W., N.E., 
S.AV.. S.E.; 20 S.W.: 2^ N.E.. S.E. ; 2!> N.W., N.E., 
S.W'.. S.E.: 3(1 N.W.. N.H.. S.W.. S.K.: 31 N.W^, S.AV.; 
33 N.W’., N.E. : 34 N.W.. N.E.. S.AV., S.E. ; 35 N.W., 
S.AA’., S.K.; 3(i N.W’., S.AV. : 39 N.E. ; 41N.E., S.E.; 
44 N.W. : 47 N.AV.. S.W.: 5(» N.W. 

and Derby, (luarter-sheet 32 N.W. & 41 N.W. 


and Leice.ster. (Inarter-slicets 41 S.W'. & 32 S.W'., 


50 N.E. k 1 1 N.E., 5(( S.W. \ 1 1 S.W., 5(i S.E. & 1 1 S.K., 


51 N.AV. \ 12 N.W., .50 N.E. .N (5 N.E 


— and Lincoln. Quail cr-'.liccis 2^ N.E. k OS N.E., 

^iIlE. & 09 N.R, .5.3 N.W. 28 N.AV. 

Oxford-ihire. Sliccls 21, 20, 30, .31. 

and Jlerk.sliire. Shocks 37 and 1, 4(i and 11. 

and Buckinghamshire. Sheets 2s and 21, 50 and 45, 

53 and 50. 

and Wiltshii’c. Shoe! 30 and 2.\. 

Rutlandhhire. Quartor-hheets 3 S.W., S.E. ; 5 N.W., N.E., 
S.W'., S.E.; 6 N.W'., N.E., S.W., S.E. 

Shrojiahire. Quart er-slicols 1 S.E. ; A S.W. ; 5 N.E., S.W., 
S.E.; 0S.W'.,S.E.; 7S.W.,S.E.; SN.E.,S.E. ; 9N.W., 
N.E., S.W'. : IIN.E., S.E.: 12N.W., S.W.; 13 N.W., 
N.E., S.W’., S.E. ; 14 N.W'., N.E., S.W'., S.E.; 15 N.W., 
N.E., S.W'. ; 10 N.E., S.W'.; 17 N.W. ; 18 N.E.; 19 
N.E., S.W., S.E. ; 20 N.W., N.E. ; 21 N.W'., N.E,, S.W., 
S.E. ; 22 N.W'., S.W'., S.E. ; 23 N.AV., N.E., 8,W„ S.E. ; 
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24 N.W., S.W., S.E. ; 25 N.E. ; 26 S.W. ; 27 N.W., N.E., 
S.W., S.E. ; 28 N.W., N.E., B.E. ; 29 N,W., N.E. ; 30 
KE., S.W. ; 31N.W., S.W. ; 34N.E., S.W., S.E.; 35 
N.W., S.W., S.E. ; 36 N.W.; 40 S.W. ; 43 S.W.; 49 
N.W.; 73 N.E.; 75 J7.E. ; 76 N.E,, S.W., S.E.; 79 
N.E., S.E. 

Shropshire and Herefordshire. Quarter-sh. 77 iN'.AV. & 2 N. W., 

77 N.E. & 2 N.E\, 77 S.W. & 2 S.W., 78 IST.W. 3 KW., 

78 N.E.^- 3 N.E., ^8 S.Er’& 3 S.E.,'79 S.W. & 4 S.W.^ 

S^N^W. & 7 N.W.r N.W.” & 8 

and Montgomer 3 'bhire. Quarter-sh. 53 S.E. & 37 S. E., 

61 NJ^.'^4nTe 7 67^7^4 S.W^ 61 S.E. & 44 S.E?, 
68^N.W. & l^ N.W.' 

Somersetshire. Quarter -sheets 1 S.E. ; 2 N.W., N.E., S.W., 
S.E. ; 3 S.W. ; 4 N.W., N.E.. S.W., S.E. ; 5 N.W., IST.E., 
S.AV., S.E.; 6 KW., ]S.E., S.W., S.E.; 7 N.W., N.E., 
S.W., S.E. ; 8N.W., S.W., S.E. ; JO N.W., N.E., S.W., 
S.E. ; 11 N.W.. l^.E., S.W., S.E. ; 12 jS\W., N.E., S.W., 
S.E.; 13N.W.,]Sr.E.,S.W.,S.E.: 14N.E.,S.E.; JeJST.W., 
S.W., S.E. ; J7 iN.W., S.E. ; 18 KW., N.E., S.W., S.E. ; 
19 N.W., N.E., S.W., S.E. ; 20 N.W., S.W. ; 21 KW., 
N.E., S.W., S.E. ; 24 :!^.E., S.E. ; 25 N.W., ]Sr.E., S.E. ; 
26 N.AV., N.E., S.E. ; 27 N.W., N.E., S.W., S.E. ; 28 
N.W., N.E. ; 29 N.E., S.E. ; 30 X.W., N.E. ; 31 N.W.; 
42 N.E., S.E. 

Statiordbhire. Quarter-sheets 2 S.W. ; 3 S.W. ; 7 N.E. ; 
8N.W. ; lOKW.; 12 S.E. ; 15 S.E. ; 31 S.E. ; 32 N.W., 
S.W. ; 38 S.E. ; 39 N.W. ; 40 N.W., S.W. ; 43 IST.E., 
S.W., S.E. : 44 S.W. ; 45 ]S[.W. ; 40 K.W., N.E., S.W., 
S.E. ; 47 N.W. ; 49 N.W., KE., S.W. ; 50 ]Sr.E., S.W., 
S.E.; 56N.E.; 59 S.W. ; 61 KW., N.E., S.W., S.E. ; 
<)(> N.AV., N.E. ; 68 K.E., S.W., S.E. ; 70a S.E. 

and Derbyshire. Quarter-sheet 14 S.E. & 37 S.E. 

and Warwickshire. Quarter-sheets 5!) S.E. & 2 S.E., 

04 n.w7& 4 n.wT, G4S.W.&4 8.Wr, 

G5 A’ .wT G3N.E. X.W. & 8 N. W^ 

71 S.W.’&lTs.'l^, 73 N.E. & 7 X.E.i 74 S.W. & 8 8?W. 
Sufifolk. (iuarter-shcets 10 S.E. ; 17 N.E. ; 22 S.E. ; 23 
N.W., S.E.: 27 N.W.; 32 N.E., S.E. ; 33 N.W., S.E. ; 
34 S.E. ; 38 N.AV., 8.W., S.E. ; 30 N.E., S.E. ; 4()N.W., 
S.W. ; 43 N.E. ; 44 N.W., S.W., S.E. : 45 N.W., N.E., 
S.W., S.E. ; 47 N.W., N.E., S.W., S.E. ; 48 N.W., N.E., 
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S.W., S.E. ; 49 N.W. ; 50 N.W., S.E. ; 51 N.W. ; 53 
N.E., S.E. ; 54 N.E., S.W., S.E. ; 55 N. W., N.E., S.W., 
S.E. ; 50 S.W., S.E. ; 57 N.W., N.E., S.W., S.E. ; 58 
N.AV., N.E., S.W., S.E.; 59 N.E., 8.W., S.E. : 00 8.W. ; 
03 N.W., N.E., S.W., S.E. ; 04 N.W., N.E., S.W., S.E. ; 
05 N.W., N.E., S.'NV. ; 06 N.W., ]S\E. ; 09 N.W. ; 70 
S. W. ; 74 S.AV. ; 75 N.W., N.E., S.E. ; 70 N.W., N.E. ; 
bl*N.\\'., X.E.; b5N.W. 


Sufl'olk and Cambridgc.sLire. Quarter-sh. 31 N.E. & 30 N.E., 

ks.\\Tj^30s7\V., Jmik&lsosiir, 3'i!luvT&37S.W.', 

42 N.E. & 42 nTe., 42 S.E. & 42 S.E. 

and Norfolk. Quarter-shoets 2 N.AV. & 78 N.W., 
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S.W. 


■ & Worce^tersliire. Quarter-slieets 24 N.W. & 31 N.AV., 


3(1 N.E. & 23 N.E., 3(» S.E. k 23 S.E., .3(1 N.E. &. 30 N.E., 
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N.AV. : 10 N.W., N.E., S.E. ; 41 N.AV., N.E., S.AV., 
S.E.; 12 S.W.; 48 N.E. 

and (llouccstcr. Quarter-sheets 48 S.AV. & 5 S.W., 


48 S.E. Ac 5 S.E., 49 N.AV. Ac 0 N. W., 50 N.W. & 7 N.AV., 
50 N.E.'&Yn.K^ 50 S.VvTac 7 S.wT, 50 S.E. & 7 S.K, 
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Bussia. Oeological Committee. Sheet 71. tjoVoo* 
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§ 1. Introducfori/, Th( Fauna of the Val iT Arno, 

Xn the following essay on the fossil mammalia of the Val d’Arno I 
have subjected llie list of species to a critical examination and 
brought it down to th(' knowledge of to-day\ It will be seen from 
the following lists tliat 1 liavc been able to add a considerable number 
of species to those known in former years. 


1 . 1872 ♦. 

Maeacus florcutinus, Cocchi. 

Fclis, 2 bp. 

Cams, sp. 

Ursus etruscus, Cuv. 

Mustola, sp. 
llyieiia, sp. 

Dn'pauodon (Machairodus), 2 sp. 
K(Iuub fossil is, Rufim. (non Owen). 
ilippopotamus major, Cuv. 
IVlastodon arvoniousis, Cr. ot Job, 
Flcplias ineridioiuilis, NesR. 

antiquus, Fate. 


I. 1872. 

Rhinoceros etruscus, Falc. 

hemitoptdius, Falc. 

leptorlimus, Cuv. 

Sus, sp. 

Bos etruscus, Falc. 

Cervus dicranios, Xesfi, 

, 2 sp. 

Castor, n. sp. 

Tapirus, sp. 

Antilope, sp. 

Lagoniys, sp. 


* Forsyth Major, in Antonio Stoppani, * Corso di Geologia,’ ii. p, 073. 
Q. J. G. S. No.‘l6i. n 
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II. 1874 *. 

Macacus florentinus, Cocchi, sp. 

— ausonius, n. sp. 

FeliB, 3 sp* 

Canis, 2 sp. 

Ursus etriiscuB, Cuv. 

Mustek, sp. 

Hjcenu Perrieri, Cr, et Job, (H. brevi- 
rostris, Ayui. ?). 

arrernensis, Cr. et Job. 

Machairodus, 3 sp. 

Fquus Stcnunia, Cocchi. 

major, Ciiv. 

Mastodon arvernensis, Cr. et Job, 
Elephas Tneridionulis, Xei^H. 
Eliinocoroy etruscus, Falc. 

Sus Strozzii, Moirgh. in Coll. 

Bos etruscus, Falc, 

Cervus dicraiiios, Xesti. 

ctenoides, 

. 2 sp. 

Castor plicidens, n. sp. 

Ilystrix. sp. 

Lepus, sp. 

III. 187d *t. 

Macacus florciitiii'is, Cocchi^ sp. 

au.sonius, Mcjor. 

PVlis, 3 sp. 

Cams etruscus, Major. 

Falconeri. Major. 

Ursus etruscus, Cia\ 

Jlustela, sp. 

Iljaeiia Perrieri, Cr. ot Job, (H. brcTi- 
rostri.s, Aym, ?). 

Hysena arvernensis, Cr. et Job. 
JMachairodus, sp. 

Equus Stenonis, Cocchi. 

Hippo tiuiius major, Cav. 

Mastodon arvornensis, ('r. et Job, 
Elephas meridionalis, Xesti. 
Khinoceros etruscus, Falc. 

Sus Strozzii, Mmcgh, 

Bos etruscus, Falc. 

Cervus dicranios, Xesti. 

ctenoides, Xcsti. 

, 2 sp. 

Castor pUcidens, Major, 

Rosinae, Major. 

Hystrix, sp. 

Lepus, sp. 


IV. 1883. 

1. Macacus florentinus, Cocchi^ sp. 

2. ausonius, Major. 

3. Felifl issitxiorensis, Cr. et Job, 

1 4. arverncnsis, Cr. et Job. 

5. , sp. 

6. Canis etruscus. Major. 

7. Ftilcoiieri, Major. 

8. , sp. 

0. Ursus etruscus, Cuv. 

10. Miisteln, sp. 

11. Hya‘ua, sp. (Montopoli). 

I 12. Jl^ivrui Perrieri, Cr. et Job. (IJ. 

brevirosl ris, Agm. ?), 

I 13. IksBiia ainernoiisis, Cr. et Job. 

14. ]\hHiairodus luegnu thereon. Cr. 

1 ot Job. 

' l.>. Miicluiirodus cultridens, Cav. 

I 10. , sp. 

' 17. Equus. s)). 

' hiviileiiBis, Falc. c Cavff. 

' (K Sten<)iii‘<. Cocchi^, 

I 10. Mastodon llorsruii. Ihif/n, 

20. arverncnsis, Cr. et J(tb. 

21. Kieph.as meridionalis, 

22. Tapirus arvcrneiisis, Cr. et Job. 

23. Rhinoceros »*truscus. Falc. 

' 24. Ki]ipo]M)ta!mis major, Cui\ 

2o. Sus giganteiiH, Falc. (Sus Strozzii, 
Mt ncijh . ). 

2t>. Bo-* (llil)os) etriiscuH. Falc. 

27. Tx‘pt(thos Strozzii. JlaCm. 

I 2S. Cervus dicniuio.'’, Xnfi. (C. S(‘dg- 
I wickii, Falc.). 

, 29. Ccrv us ctenoides, TVVs/i. 

30. , sj). 

31. Perrieri, Cr. et Job. 

32. etueriaruin, Cr. cl Job (?) 

^13. Pala*oryxMeuegliinii, Jli/fim. (Oli* 

' vola). 

, 34. Paheorcub monlis caroli, Major. 

, S.'k Castor Rosiufle, Major. 

30, jdiciflens, Majitr. 

37. Hystrix, s]). 

38. Lepus, sp. 

39. Arviuola, sp. 


^ Forsyth Major, “Considerazioni sulla Fauna dei Mammiferi pi iocenici e post- 
pliocenici della Toscana ” (Atti Soc. Tosc. di Sci. nat. in Pisa), vol. i.,})p. 39, 40. 

t C. J. Forsyth Major, “ Sul livello geologico a cui e d’ ascriversi il oosi detto 
cranio delP Olmo ” (Archivio per PAntropol. c la Etiiol. vol. vi. 1 870, p. 3*15). 
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§ 2. Relation to the Older Faunas, 

On the boundary-lino between the Miocene and Pliocene wo find 
in southern Europe, and especially in the region of the Mediterranean, 
and also as far to the east as the Siwalik mountains of India, a 
richly developed fauna in which the Ilipparion is the most widely 
spread and important r(*preseutative. This fauna is met with at 
ITkorrai in Attica, at Concud, al\d at iVJco}" in Spain, at Oran and 
(yonstantine in Algeria, at Montpellier and Mont Leberon (Cucuron) 
in France, at Casino near Siena, in Italy, at Eppelsheim in Germany, 
as well as in Austria-Hungary, the Jlalkan peninsula, and in Asia 
Minor. Xot one of the iiiemberH of the fauna discovered in these 
localities occurs in the somewliat younger fauna of the Yal d’Arno. 
Various relations arc certainly to be ])ointed out. The two Pliocene 
Antelo])es, Pabiorii.r Mmoflinni^ Rut., from Dlivola in the valley 
of the Magra, and moniis^ cnroli, in the valley of the 

Arno, are closely allied to species ol the same genera found in 
Pikermi. The same intimate relation exists between the Mnchairodus 
of Pikermi and those of the Val d*Arno. The Mantudon Borsoni 
from Asti and the upper valley of th(‘ Arno is so closely allied to 
the Maf^toclott tajtiroides, of Winterthur, (Eningen, and Pikermi, 
that both forms are frequently mistaken one for the other; and in 
the same way the IMiooene M, arvvmeusis is closely allied to 
M, lontflrostns. The relation of EtjUiis BtoKmls to llq^j^arlon has 
been dealt with in my treatise on tht* fossil horses of Itaty. 

The Jiiammalian fauna of Mont])ellior, as we know it from . 
Gervais's works (and which accoiding to his final assertions also 
contains y//y)y>e/*/o/0, ‘'hews Us \ mixture of both faunas, and not one 
of transilional forms, but containing s]>ccies idtaitical with those of 
the Vhil d'Arno and otheis hhntical with tliose from Casino. 

Uiifortuiiatcl\ the snspicioii is not to be put aside tbai this mix- 
ture only took ])laee in tlie ^luseum : so that ^\e cannol draw any 
conclusions Irom tin’s eas(* until the eirciim^tanees aro satisfactorily 
cleared up. 

The \'al-d'Ariio fauna too was spread as far as India, and we 
find its re])resontatives in the HA\aliks. EiutfS sirahnsis^ Pale, 
and Can tl., seems to me identical ^^ith B. Stmonis, ('occhi, from 
tho Arno "N' alley ; the gigantic 'VAild boar from the Siwaliks, 
Sks (jl(j(Uti( Pale., is probably identical uith iS,Sfroz::li, Menegh., 
from the tipper valley of tlu‘ Arno. So also, according to Ridime} er s 
researches, the Si^^alik oxen show a great similarity to tliose of 
the V al d' Arno. L\ dekker distinguishes in the Si waliks io-jdioccne 
strata {JUpparl )n ic.), so that it must be said that this distinction 
is based on local stratigrajdiical circumstances, and not merely 
adopted by analogy with those in Eurojte. 

§ 3. The Shore-<h posits of the Pliocene Eva in Italy contain the same 
Manimalian Fauna as the Lacustrine diposits of the Val d'Arno. 

We every now and then come across the assertion that the marine 
Pliocenes of Italy are older than the lacustrine strata of the Arno 

B 2 
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Valley. In the shore-deposits of the Pliocene sea, in the Lower 
Arno Valley, and in other parts of Tuscany and central Italy, land 
mammals are not unfreqiienth' found and have been recorded by the 
naturalists of the last two hundred years ; but their ago could not be 
determined without the systematic explorations of modern times. At 
present no doubt can evist. The littoral marine Pliocene strata do 
contain a mammalian fauna which is identical with that of the 
upper vaUoy of the Arno ; a stiidj^ of the fossils contained in the 
Tuscan museums, and of the excavations carrit‘d on by me at 
Montopoli (in the marine Pliocene between I’isa and Florence), have 
})laced this beyond any doubt. 

§ 4. Mtlatlons to the Pleistocene Fauna. 

In the Postpliocene (Ploisioceno) we find various connecting links 
with the Pliocene fauna, although, at least in ltal \ ,not a single species 
of the older fauna seems to have gone over, ns Mnb, to the younger 
fauna. Whilst the greater numlxT of the 1‘histocene ((iuatemary) 
mammalia are distinct from those of the Pliocene, tliat part of the 
Pleistocene fauna which is often designated as th(‘ Airican division 
of the same, appears more nearh nlli<‘d to it. This division should 
perhaps more correctly be called the old indigenous. 

First of all, the Hya'iia'^ and Felines, P rrieri and 

Bifrpna anurontsis from the lacustrine Plioeen(‘ of Auvergne and 
of the Arno Valley, stand so close to tlu^ Phastoceme* llyocnas, 
//. crocuta (sinlaa) and If. ^nv'.svv/, that the} may lx* eonsidiTcd their 
ancestors ; and the same results will probubh he obtained from a 
careful comjiarison of tlu‘ various Plicxene and Pleistocene 
(Quaternar} ) kinds of Fdis. 

The Phi /(OCcros Fiilc.. of the Arno Vall(‘} more closely 

resemliles the PostjdiocoiK* P. hemifinhns. Falc. {P. Mircl ii, pro 
parti), than P. fiehorhinas. although a study ol‘ the remains of 
the two first-mentioned forms found in Italy does not jnstif} the 
assum])tioTi of some authors on tlie othtT side {)f the Alps that 
they are identical sp(‘cie.s. With some praetico it is always possible 
to distinguish (wem isolattxl teeth of the ii])]K‘r jaw of th(' two forms. 
yse ofien f\n({ Phi HOifros hjtiitrhinvs e\\v(\ as a (^uatiTiian fossil; 
f(.r e^ample, Charles ^ra}er cites P. hptorhmns. together witii Eh- 
phas meriflionaiis and Ifippopotamas major, ]»r(»tot} j)es of the 
Postidioeene fauna, or, more accuratel}, tlu‘ fauna of tin* -‘(JouchcB 
d<* Cromer,” the lo^^(^st stage of his Saharian zom*. In this he 
groups togetliCT the following strata: — Forest-h(‘d of CronuT, sands 
of 8t. Prest, and other French localities, lower moraines and 
lacustrine chalk (SeeKroide) of Fiznaeli, Diimte u, and Wetzikon in 
Switzerland, and the sand} fresnwater marls and ferruginous gravels 
of the region of Asti and “ Sansino ” of tlie Arno Valley. 

As regards the terra Phinoceros lepforhimis. it has no value what- 
ever as a proof of the s}iichroniBm of the ahove-riamed strata, as 
several distinct sjiecies of Phinoceros have leceivcd lliis name ; 
in the Forest-bed we have to do with P. hdnifochns, P'alc., in the 
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district ot* Piacenza with the typical if. leptorJdnus, Cuv, {pro parte), 
in the district of Asti and the Upper Val d’Arno with ]{, etruscus. 

In the same way the name Hippopotamus major has caused con- 
fusion. The Postplioccne remains of Illppopotamus are pretty 
generally assumed to be the same as those of the Hippopotamus of 
the Arno Valley, although such a union is not the result of recent 
comparisons, but a survival of Cuvier’s view of the matter, who did 
not distinguish Pliocene and Postpliocenf} strata, but grouped them 
together under the name of couches meubles,” and who accordingly 
was predisposed to regard these fossils as identical. The species 
U, major was founded on the ])erfect skull from the Arno Valley, 
preserved in the Florentine Museum, and described by Cuvier and 
Nesti; and C/Uvier pointed out the difference between it and the 
living //. amphlhius. Under the same name he also cited remains of 
HI ppojioUmius from caves &c., although they were not so perfect as 
to justify such a decided statement. So long, Ihen, as the remains of 
the Hlppopotamas from caves and from other Postpliocene deposits 
are not proved to be identical with those of the Amo Valley, it 
seems unjust to designate the former as H. major. 

In many cases, where Elephas meridloinilis is cited from Post- 
pliocene strata, there is a great probability of its Ijeing a variety 
of E, nntufuus. The latl er does not appear in the Ui)i)er Arno Valley, 
but it occurs together with other Postj)liocene mammals in the 
neighbouring Val d’Ambra (near llucine) and in the region of Arezzo. 

In res]H‘ct to the lignite of Ijcfte, in Lom])ardy, the greatest 
care should be taken r(‘S])e(;ting conclusions as to the age of the 
mammals ; because in one Italian museum fossils are labelled in 
the most careless way, as coming from Leffe, while distinctly 
showing that they are partly Miocene and ])artly Eocene. Elephas 
mi'rldionalis and Jhs ifrascas an* the only mammals which I know 
with certainty as coming from Li'tte. 

§ o. Helatlons to Livbuj Forms, 

Among the thirty-nine mammals of the Val d’Arno which I 
mentioned at the beginning of this essay, we find at present five 
genera which are extinct : — Havhalrodus^ Mastodon, Leptohos, 
PalvorjfA', Pala^orcas. Xot a single species is identical with those 
living to-day. Notwithstanding this, we find among the mammals 
of the Arno Valley transitional forms towards those of Pleistocene 
times. 

The former, however, show still nearer relationships to some 
living faunas than to tliose of our Pleistocene. In dealing with 
this question the PaLearctic, Nearctic, Neotropical, and Australian 
regions cannot be considered, as there exist too few analogies for 
the purpose, and only the Ethiopian and the Oriental region remain 
open for our inquiry. Hippopotamus is, amongst our Pliocene 
genera, the only one in the present day exclusively indigenous to 
the Ethiopian region ; and on the other hand tho genus Tapirus, 
known in the Oriental region, is missing in the Ethiopian. Two 
other genera, Castor and Arvkola, are represented in the Palsearctic 
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tod J^earctic r^ons, but, so far as we know, are missing at present 
in the Ethiopian and Oriental regions. All the other Pliocene 
g^era now living are indigenous to the Ethiopian as well as the 
Onental region ; but, if we inspect the species more closely, we 
find Yery’ few allied to African forms, but on the contrary" their 
analogies point towards the Oriental region. 

Pliocene mammabs are to be found at the present time, but little 
altered, in the mo>t southern corner of Asia, and esiK'ciallv in the 
Sunda Islands ; and there not only exists a general agreement 
between the two groups, but also reseniblaneea singularly spoeiul. 
The peculiar Buffalo- Antelope of (Vdebes {Anon dejfnsificonils)^ as 
Rutime}er ha^ ]:>ointo(I out, is but littb* changed in form from its 
fossil representative in the Siualik clojiosits ; ‘‘with but little 
perceptible increase of height and w'oaker w eapons, it repeats the 
physiognomy of the Siwalik ILniifjos, even to the details of the 
foramina for vessels and nerves'’*^. 

Bos etruscifs, according to the same author's investigations, is a 
real Biho<, and with a few Siwalik forms is elosely allied to the 
Banting now living in Java. 

The majorit}" of Pliocene Stags (rVrens P<rncn^ C. parclinensis, 
C, etuerinrum, C. X^stii\ <S:e.) belong to the group ot the Axis and 
Rn^a, which now live in Malacca and chietly in the largo Sunda 
Islands. 

Amongst all th(' living wild Boars, Svs lu n'ucosvs from Java 
(with S. celeben^ls) show’s th(^ greatest resemblance to the Pliocene 
Svs ghjanteus (>S. Strozzii)^ W’hile Sns viffatns^ indigenous to the 
Oriental region, is not so closely allied to it. The Tapirs and 
Bhinoceroses complete the manifestation of the gioat accordance 
between the Pliocene mammals and those still living in sonlli- 
castern Asia. 

This fact is all the more surprising. hccaus(‘ the above-mentioned 
islands are situated in the tropics, W’hilst, chiefly from palacophUo- 
logic.d reasons, w’(i are led to infer a warm climate, hut in no way 
a tropical climate, for our ITiocenes. 

But I refrain from drawing coudusions as to the Plioceno 
climate trom the coni] arison of the Indo-^fala) an fauna with that 
of our Pliocenes, and for the following reason*? : — 

The facts of zoological distribution teach that tin* agrecTmmt 
in climate and in gencTal condition'- of life in twm legions isolated 
from each other does not implj’ an identity of faunas. In ])roof of 
this, Wfillacc has brought examples from various parts of the xvorldf. 
There are, however, extraordinarx* facts lying much nearer to us. 
Corsica is not many miles distant from Italy, and the* isolation of 
the two is diminished by tlic islands in the Tuscan Archipelago. 
The Corsican climate is similar to that in the region of the Tuscan 
coast, and, notwithstanding this, Corsica show’s in her mammals, 

^ L. Butimeyer, “Beitrage zu riuor pala-ontologi'-clien Geflohi<*htc der 
Wiederkaiier, zunachst an Limits Gpuu*. J5o.v,” in Verhandl. niiturf. Oesellsch. 
in Basel, iv. p. 299 (18(55). 

t ‘Island Life,* p. 5, Ac. 
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amphibians, and reptiles, a closer relation with'lTorth Africa than 
with peninsular Itdy. 

On the other hand, we have no right to postulate, as a matter of 
course, an agreement in the climate and the general conditions of 
life where we find an agreement between the animal forms of two 
distant regions, as Mr. Wallace has shown in several surprising 
cases*. These facts, deduced from a consideration of the present 
fauna, lead us to similar conclusions with respect to the fossil 
faunas. Southern France, on the northern flank of the Pyrenees, 
and the northern half of Corsica are in the same latitude and have 
almost the same climate. The mountain regions of both territories 
were covered with extending glaciers during the Quaternary 
(Pleistocene) age. And yet what a difference in the Postplioccne 
mammalian fauna ! In the caves of the south of Franco we meet 
with circumpolar mammals amongst others. In the breccias of 
Corsica we meet an animal of Miocene type belonging 

to the Haro family, and besides this peculiar forms which have not 
appeared anywhere else in Europe. 

If we look with this light at the fauna of the Val d^Arno, which 
we have seen to have been spread over Europe and Asia in Pliocene 
times, it also seems probable that it extended then as far as Java 
and Celebes. We doubtless have to thank isolation for the fact that 
the close relations of the mammalian fauna of the Indian Archi- 
pelago with those of the Pliocenes are preserved till the present 
time. 

§ 6. Conclusion, 

A few mammalian species do not always fix the geological age 
of the bed to which they belong. In the case of the above- 
mentioned Myolagas sardous of the bone-breccias of Corsica and 
Sardinia, we have* a Miocene animal, found at (Eningen, Sansan, 
Stciiiheira, and Casino, which has apparently been preserved with- 
out change in the above islands down to Pleistocene times, and 
probably also to the Neolithic age t. In dealing with the Pliocene 
mammalia we have shown that several animtds have been preserved 
almost unchanged to the present day ; it may therefore be inferred 
that they lived, in the Pleistocene age, in areas adjacent to those 
spots where they now live. In the 8unda Islands, and presumably 
elsewhere, it would be difficult, if not impossible, to distinguish the 
Pliocene from the Pleistocene fossil mammalia. This may perhaps 
explain the fact that Elcphas meridlonalis is associated with a 
younger fauna on the other side of the Alps than in Italy, although 
the proof that this species lived in Pleistocene times in France and 
England, does not seem to me to be sufficient. On the other hand 
it is accepted by the Austrian geologists and palaeontologists that 
Mastodon arvertunsis appears in Austria and Hungary in a fauna 

* Island Life/ pp. 64-07, 870, 871, 375, 878, &c. 

t See Forsyth Major, “ Die I^’rrhenis. Studicn \iber geo^aphische Verbrei- 
tung von Thieren uiid Pflanzen im westlichon Mittelmeorgebiot ” (in ‘ Kosmos, 
vii. Jahrgang, 1883, p. 697), 
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which is older than the mammal fauna of the upper Val d'Arno. 
It may therefore be concluded that this species is geologically 
older in Austria and in Hungary than it is in Italy. The occur- 
rence of a single species in distant or isolated regions cannot ho 
taken to prove that the strata in which it occurs are contemj)oraneous. 
A s[)ecies can only survive under favourable conditions, among which 
isolation counts before an^ thing, as in tlie case of the Muolajua of 
Corsica and Sardinia. 

§ 7 . Xott Inf Prof, Boyd Daivlhis. 

In this valuable contribution to our knowledge of the riiocene 
mammal-fauna of Italy, Dr. Forsyth Major draws attention to the 
sharp line of definition between the riiocene and ricisiocene, and 
considers that no species i)asbed from the one to the other in Italy. 
In this I am unable to agree, becaust* two of the Cervidm, Cervus 
eUieriarum and C*. Ferritri* are un distinguish able from varieties of 
Deer belonging to the and liusa type now inhabiting the 

Oriental region. 

?sor can I agree with him in viewing the Ifqiyojmtmnns major of 
the Val d'Arno as having been assumed to h(‘ identical with the 
living II. aoqduhius on the strength of a Cnvierian tradition. 1 }iav(‘ 
attempted in vain to distinguiNh ])etween tlie fossil and the living 
forms, and after detailed measurements and a careful comparison of 
those from the Val d'Amo in the British Mustuim with the living, 
and after an examination t>f those in the Museum of the Jardin 
des Plantes in Paris, 1 am obliged to believe^ that they belong to 
the same species. //. ainphUdas must therefore b(‘ counted as a 
living Species dating back from the Pliocene age. Numerous 
Pliocene species, EUpltas /to riJionaliit, Bhinoa ro< etrmvas, &c., as 
1 have already pointed out in vaiious papers read before the Societ}, 
undoubtedly occur in ahn in the Forest -bed of Norfolk and Suffolk, 
in association with Pleistocene forms, and prove the ov(‘rlap of 
the Pliocene and 1 Pleistocene gToiij)s. 1 have also shown t that the 
Oriental region is that in which the Pliocene mammalia of Europe 
find their nearest analogues. 

\Vith regard to the nomenclature of Ilhiiioceros, Dr. Forsyth 
Major’s criticism applies only to the H. Je/ttorhinns of (hivier, and 
not to the li. h ptorhinns of Owen, which is the e(]uivalent of the 
R. hernikechus of Falconer. 

Quart. Joum. Geol. Soc. 1878, p. 407. 
t Ibid. p. 419. 
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2, On some Kecent Discoveries in the Submerged Forest of 
Torbay, liy D. Pidgeon, Esq., F.G.S. (Read November 5, 
1884.) 

Among the numerous exami)les of submerged forests which occur at 
intervals all round tlie English coast, there is none, perhaps, better 
known than that of Torbay. This has been described by De la 
Beche, Godwiii-Austen, and many other geologists, but more parti- 
cularly by Pengelly, w’ho has given considerable attention to it and 
speaks * of it as follows : — 

“ Considerable accumulations of vegetable matter, with stumps 
and roots of trees, firmly fixed in bluish clay, and evidently the 
remains of a forest which once grew on the spot, exist in all the 
inlets of Torbay. The most important and best known is that which, 
at very low water, is more or less exposed at Torre-Abbey sands 

tlie greater ])art of whicli is commonly concealed by sand 

and shingle, but is occasionally laid bare by a heavy sea. In these 
and similar deposits of Goodrington and Broad Sands have been 
found the bones of various animals, among which are the red deer, 
the wild hog, the horse, the long-fronted ox, and the mammoth, 
the last, li not the last two, being certainly extinct.’^ 

The character of the evidence in favour of the mammoth having 
roamed the submerged forest of Torbay is well known. Many years 
ago some Brivham fishermen trawled a tooth of Elqihati primujenias 
(which is now in the Museum of the Torquay Natural History 
Society) near the entrance of the bay, and neither Dr. Falconer, who 
identified it, Sir Charles Lyell, Mr. Godwin- Austen, nor Mr. Pengelly, 
who closely examined it, had any doubt that this molar is a true 
forest-fossil, which was torn by the trawl out of a submarine exten- 
sion of the forest. 

“It is i)robable therefore, continues Mr. Pengelly, “that the 
remains of the ancient forest occupy the greater part of the Torbay 
area. Nor is this merely a modern opinion, since Leland, in his 
* Itinerary,’ says ‘ Fisschar men hath divers tymes, taken up with 
thejT nettes yn Tor reha (/ Musons of hartes, whereby men judge that 
yn tymes paste it hath been forest grounde.’ 

From all which considerations, the author in question concludes: — 

1. That the eountr\ must have been at least forty feet higher 
during the forest-era than at the present time : the depth of water 
in which the mammoth’s molar was dislodged being from five to six 
fathoms. 

2. That, subsequently to tho forest -era, there was a general 
subsidence to the amount of forty, and perhaps of many more feet. 

3. That tho forest was of sufficient anticjuity to have sheltered 
the mammoth and long-fronted ox. 


* Trans. Dev. Assoc, vol. i. pt. iv. p. 30. 
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4, That the successive changes of level were, at least, tolerably 
uniform and were effected gradually. 

The relics of man hitherto discovered in the submerged forest of 
Torbay arc very few. They consist of two horns of red deer, found 
by Mr. Ardloy in 1852, which exhibit undoubted marks of human 
M^orkmauship, and of a single flint implement found by Mr. Watson, 
on Torre- Abbey sands, in 1 8vS»‘3 Both of these finds have been 

fully described by Mr. Pengelly, and they sufficiently demonstrate 
that man must have witnessed that submorgcnco of the forest area 
for which this author contends, while at the same time they raise 
the interesting question whether this submergence took place since 
or before the period of authentic histor}\ 

It has been considered a sufficient answer to say that Dr. Barham 
of Truro, in a paper rt'ad in 1^25 1, has fully establi^^licd tlie identity 
of St. MichaeFs Mount, near Penzance, with the Ictis of Diodorus 
Siculus, who, writing in the year 9 b.c., or nearly 2000 years ago, 
assigns l ;0 this island exactly the same level rel.itively to the sea as 
that which it has to-day. “ Ictis says Diodorus, is left dry at 
low tides, at which times the inhabitants of Beleriuin. or Cornwall, 
transport thither, in carts, the tin which they produce on shore. 
Here the traders buy it from the natives and carry it to (iaul, over 
which it travels on horseback to the mouths of the llhine.’’ 

Further reasons for believing in the persistence of the existing 
coast-levels through long periods of time are to be found in the 
fact that an embankment of Koman, if not of ])re-]loman, ago, 
situated in the Wa->h, stands upt)u the same liorizon with a similar 
structure which has been built in its neighbourhood during modern 
times; while all the early English chroniclers, from Bede down- 
wards, take their stand, so to speak, on the present levels of the 
country. 

Mr. Pengelly’s latest expression of opinion with regard to the 
age of the submerged foro'.t of Torbay is as follows § : — 

“ It seems highly probable that the era of the forest growth was 
of great duration, extending from times before the extermination of 
the mammoth in Devon down to the introduction of the sheep and 
the goat. Be this as it may, while there are reasons for believing 
that the forests under considcTation arc more recent than the deposits 
which in the neighbouring i Kent’s Hole and Brixham | caverns have 
yielded palaeolithic tools interosculating with relics of sovenil extinct 
mammalian species, there seems no reason, on the other hand, for 
doubting that they extend Inick to palaeolithic times in Devonshire.” 

Such being the conclusions of the distinguished geologist who is, 
perhaps, better acquainted than any other investigator with the 
submerged forest of Torbay, attentiem will this evening be drawn 
to certain facts which seem to indicate that, while some of the 
so-called peat-beds of the forest are not older than Roman times, 

♦ Trans. Dev. Assrx*. vol. i. pt. iv. p. f36, and ibid. vol. iv. p. 137. 
t Trans. Boy. G-Pol Soc. of Cornwall, vol. iii. p. 86. 
j Astronomy of tbp Ancients, p. 452. 

I Trans. Dev. Assoc, vol. xv. p. 138. 
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flie clays in which the forest is rooted are either coeval with, 
CP younger than, the bronze age in Britain, 

The ^xnap, fig. 1, exhibits that part of Torbay which is occnpied 
by Ooodrington, Paignton, and Preston Sands, npon the first and 
l^t of which the finds which are about to be described were made. 
Beferring, in the first place, to Preston Sands, these fringe a flat 
marshy valley, which, excavated in Triassic sandstones and conglo- 
merates, and falling seaward with an extremely gentle slope, 
extends from Eedclifte Towers at A to Preston Lane at B (fig. 1). 
^The gales of Becomher 18S3 and February 1884 stripped neaily 
all the shingle off the upper lialf of the tidal strand between these 
two points, A & B, exj>osing the outcrops shown upon the plan, 
fig. 2. The forest-clay, K, Wiis then seen to extend in a continuous 

Fig. 2. — P/aa of Outcrops olsf rved on Preston Sands (A to B 07 i 
fig. 1 ), Du't mher to Fehmarg I8S4. (Scale 340 feet to 

1 inch.) 



sheet of no great thickm'ss from llc’deliffe Towers to Pr(*ston Lane, 
while its seaward edge, iu'^tead of extending beyond low-watt r 
mark, as in the neighi)ouring inlets of Goodrington, Tone A]>bey, 
Paignton, and Broad Sands, has been truncated by the action of the 
sea and is now confined to the liniits sliown upon the plan. 

Inland the clay bed forms a Hat b.isin, whose northern lip, rising 
with the flank of the valley, thins out to nothing at B, about seven 
feet above high-water mark, w’hile its southern lip has been denuded, 
together with the Trias rock u]K>n which it rests, to the level of the 
sea. Of the inland lip of this basin more hereafter. 

The clay reposes directly upon the Trias at A (figs. 1 & 2), while, 
further north, it lies upon a somew^hat remarkable lin*ccia or “ head ” 
(L, fig. 2), which caps the Trias conformably from about tho point C 
for a considerable distance northwards of Preston Lano. This breccia, 
which, together with the forest- clay underlying Preston Sands, has 
been minutely described l)y Pcugelly*, consists of unstratified, 
angular, and loosely aggregated stones, packed, without order or 
arrangement, in a clayey matrix. The stones have nearly all been 
deriv^ from a neighbouring hill of Devonian sandstone, whence 


* Trans. Dev. Assoc, for 1878. 
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they have travelled to their present position along slopes which 
are, for the most part, so slight that it is difficult to suppose existing 
natural agencies to have been concerned in their transportation. 

This breccia is, in all probability, an example of those deposits 
which, going by the name of “ head ’’ in the west of England, 
attain a great development in the maritime districts of Southern 
England and Northern France, and which Sir A. Bamsay and Prof. 
James Geikie have considered to be the equivalents of true gladeil 
deposits, such as the till, but formed in districts which were not 
covered by the continental ice-sheets. 

That the clay bed, which thus rests either upon the Trias rock or 
the breccia which caps it, forms the soil in which a portion of the 
submerged forest of Torbay is rooted, there is no sort of doubt. It 
is crowded with roots of all sizes; while here and there, the 
trunks of trees, whose roots branch through the clay in all direc- 
tions, stiU stand erect and show themselves above the surface of 
the shingle whenever this is thinly strewn over the tidal strand. 
It is further covered, as shown on the map, with a mass of so-called 
peat, 1) (fig. 2), which is nearly three feet thick in some places. 

Towards the end of December 1883, the sva exposed the area of 
clay and underlying “ head ’’ shown at E, fig. 2. E itself represents 
the trunk of a large tree about whose roots, which were partially 
denuded, tlie clay was several feet thick, and whence it thinned 
away to a feather-edge where it met the “ head.'’ Here, resting 
immediately upon the breccia at G, two pavement -like aggregations of 
stones were observed, each about two feet across, and of irregular out- 
line, but both presenting tlu* appearance of having once been united. 
’J'hese (piasi fioor-fragments consisted of well-rolled beach stones, the 
counterpans of certain trap x)ebbles, derived from the Trias, and very 
numerous on the present ])each, hut differing totally in character 
from the angular Devonian stones in the ‘^head” on which they 
lay. That these were no heaps of })ehbles shot down from a cart 
ior some purpose, during a ])revious exposure of the breccia, as 
might well have scorned tlie case, was clear from the fact of their 
being everywhere interpenetrated by fibrils of the forest roots. 
A close extimination revealed the curious fact that these trap 
pebbles Avere <ill cracked and traversed in every direction by minute 
fissures, so that the stones, usually difficult to break, even with a 
lieavy hammer, could be ])ulled apart by hand. The fractures 
were of such a kind as forcibly to suggest that the stones had been 
heated ; and some trap pebbles from the beach, upon being placed in 
the fire, soon exhibited similar fissures, and became cracked in 
exactly the same way as those forming the heaps in question. The 
interstices of the hearth, as the structure now began to be con- 
sidered, were crowded with fragments of charcoal, easily distinguish- 
able from the dark-col on rc‘d and decomposed vegetable matter 
furnished by the adherent rootlets. 

But if the seeming floor wor<' really a hearth, the question at 
once arose — Why should its builders have gone afield for materials 
when there was plenty of Devonian sandstones ready to hand in the 
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ST T r * r thm «uoh fragments of Devonian rock as 

m nwein eontwu fly to pieces with great violence on being 
wa therefore quite unfit for the construction of fire- 
Wie®i* rinally, the floor-liko 8trueturi\ the heat-crackc'd stones, 
tile presenei' of apiMirently true charcoal, and the provt‘d unfitnesK 
of the brciTia for hoarth-huildinjr. HUj:ge«tod the conclusion that 
had roaiut'd in Torbay at some period subsequent to the dcj)o- 
silion of the l>reccia capping the Trias, and prior to the deposition of 
the clay In which the su])uu‘rgt'd foicst is rootl'd. 

The distovery of a presumptive hearth raised hopes that some 
utensils of human origin might ultimately be found ; nor was this 
anticipation disappoiiitixl. Towards the end of F(*hruary I8i^4, a 
heavj* gale hared th(‘ strand very widely, the junction of the forest- 
clay with the underlying Trias being well disjilaj'cd at the point 
marked A in figs. 1 and 2. A largo area was lieri* uncovered, and 
the clay soon yielded several traj> pebbles, cracked as if by fire, and 
fissured in exactly tlie s.ime way as ethers which formed a part of 
the presumed hearth. ThK f ii<rg<*Ntivo find was carefully followed 
up and the forevt-obn tliorougbl\ '‘carclu d from A to Ik after every 
tide, 80 long as the exp(>sur(‘ lasted. The following articles were 
discovered, and are all exhibited on the table ; — 

1. An ingot of cojqier. found lung on the surface of the forest- 
clay. Although not actually imbedded, its ])Ositi(m and appearance 
left no room to doubt that it hadbe(‘n diMuterrcd by the lust tide. 

2. A portion of a similar ingot, also t<mnd lying on tli(‘ surface of 
the clay, but haung a few minute rootlets clinging to one of its 


3. Numerous ])iece'' of rude pottery, made of dark-coloured, un- 
bumed clay, mixed x\ illi small frasrinents of stone. 

4. Three fragment'^ of granite grinding-stoni's, originally of 
circular outline, and about ten iuehes in diameter. 


5. A curiously shaped piece of x\hetstone. 

(). A piece of glass. 

7. A large number of angular stones consisting, according to 
assays made by Messrs. Henr} Bath and Sons, the eniiiieiit tin- and 
copper-brokers of Swansea, of tin slags containing a small quantity 
of that metal. 


8. A quantity of triturated tin-slag, without metallic contents. 

9. A number of angular flints, among whicli arc many having a 
decidedly artificial character. 

10. Three or four flint implements, in some cases worn liy use. 

Al l these objects, with the exception of the cojiper, were actually 

disinterred from the clay, and were found either interpenetrated or 
embraced, according as they had or had not fissures, by fine root- 
lets, such as everywhere croxvd the clay itself. Everything, except 
the whetstone and one flint implement, which occurred near Preston 
Lane, was found closely associated within the space of a few square 
yards, and at the spot marked H on the plan (fig. 2), or just where 
tile forest-clay makes a junction with the Trias. 
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It is worthy of remark that the spot in question forms the 
natural point of discharge for water accumulating in the valley A B, 
and that water-rolled gravel occurs in the clay, quite close to the 
spot where the modern pipes E, which drain the low marshy land 
of the valley, have been laid down, 

A word must now be said with regard to the position of these 
various articles vertically in the clay. This, together with the Trias 
ridge upon which it rests, has been greatly denuded within the 
limits of the tidal strand. A number of truncated posts were 
observed at J, and several of these were drawn. They consisted 
of tree-stems, four or fiv(^ inches in diameter, and roughly pointed ; 
but, in no case did more than five or six inches of their original 
length remain, proving that some feet of clay had been denuded since 
the posts were driven. The wood of these piles had its larger vessels 
threaded with the rootlets of other plants in exactly the same way 
as the forests wood itself, which, whether prostrate or erect, is always 
interpenetrated by the roots of sub.>equent vegetation. The present 
tidal strand has therefore been a land surface since the posts were 
driven. 

The Trias ridge upon which the foj est-clay 3 ests has been pared 
down j)((ri with the latter, above which it projects only a 

few inches. The clay thickens rapidly from its junction with the 
Trias outwards, and is from three to four feet thick under the drain- 
pipes E. Assuming that the piles wore originally driven not less 
than two feet into the chi}\ and bearing in mind that the objects on 
the table were found nearer the junction than th(‘ drain-pipes, it is 
]>robable that they o(*cupied a position about midway beWeen the 
original surface and the bottom of the cla} bed at this point. 

llevii'wing the above facts, the conclusion ‘-eenis inevitable that 
tin was smelted and bronze probabl} made on the spot in question 
at some time prior to the deposition of the forest-clays, and that the 
land surface supporting this early nietalliiigical establishment was 
the Trias rock. That the objects obtained from the clay were en- 
tombed during its deposition, is sho^^n ])y the fact of their inter- 
penetrati(‘n by the rootlets for which that clay subsequently foimied 
a soil ; and, unless work was carried on within a pile-dwelling, 
the bronze-makers must have been antecedent in time to the forest- 
clay. If the platform of cracked stones found seated upon the 
“head” be accepted as the remains of a neighbouring smelting- 
hearth, then there is no question but that the suggested sequence of 
events is correct. Not only, then, was man living in Torbay at 
some period i>rior to the deposition of the forest-clays, but he was 
already acquainted with the art of snuOting and a worker in copper 
and tin — facts which allow no escape from the conclusion that the 
soils in which the submerged forests of Torbay flourished were 
deposited since the beginning of the bronze ago in Britain. 

This, according to l)r. Evans, did not probably extend more than 
twelve or fourteen centuries backwards from the commencement of 
the Christian era, a period agrc'eing fairly well with M. Morlot’s 
well-known estimates, which give J3800 years as the present age of 
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the bronze period in Europe. Sir John Lubbock has, indeed, ad- 
vanced reasons for believing that the Phoenicians traded with Britain 
for tin fully 1500 years before our era ; and, if this be so, we must 
suppose tliat the inhabitants of Belerium had been acquainted with 
the art of smelting for very man}' years before that date, there 
being nothing to suggest tliat the Britons were taught metallurgy 
by the Phoenicians. That the present coast-levels of England have 
persisted for at least two tliousand years past seems to bo fairly 
established: and, this being so, it follows that the subsidence, if 
subsidence it were, that placed the primitive sin citing- works lying 
under BedclifFe Towers btnu ath the tidal waters of Torbay, must have 
occurred at some period prior to the Bomaii occnpati< >n, or during the 
12, 15, or more centuries which, according to Dr. Evans, M. Moiiot, 
or Sir John Lubbock, elapsed between the bt'ginniiig of the bronze 
age in Britain and the coming of Julius Cflpsar to our shores. 

This question may be left for a moment in order to in(|uire how 
far a comparison of the objects found in the clay with other early 
works of human art supjiorts the concIiLsion that the soils of the 
Torbay forest are of comparatively recent dat(‘. It will be observed 
that the fragments of pottery are similar in character to both British 
and Swubs lake-dwelling ])ottery, of whi(*li the former nuiy be of any 
age from 15^0 to 30(M) %ears. Tin* copper ingots have their exact 
counterparts in others now in the Natural- History !^^useum which 
were found in the black mould, or uppei’iuost lajer of Kent's Cavern ; 
while whetstones and ijiierns, similar to tlio^e takcai from the clay, 
are not uncommon in lloiuano-nriti'>h finds. (Iranting that the 
flint implement found by ^Ir. Watson, lying on Torr(‘-A])bey sands, 
is a true forest-fossil, this in no way militates against the conclusion 
which is sought to bo established. Not only have sueh tools been 
found associated with hron/e iiuplcments in the Swiss lake-dw^ellings 
and elsewhere, hut there is evidence of such association on the table 
this evening. The horn iTU])lei!ient found hy Mr. Ardhy in th(‘ j)cat 
of the Torbay forest supports the ideas wdiich liavt' Ix'iai advanced ; 
for no one examining tliis tool with a critical eye can avoid coming 
tx> the conclusion that it has ]>ecn slxa]>cd with soinetliing very much 
more eff(‘ctivc for cut ting- piiiposcs than a stone Imtchet. 

It is wcU known that the Torbay fon‘st is of latiT date than the 
cave-earth of the neighbouring Kent's CaviTii, and later than some 
portions, at lea^t, of its .stalaginitie C(wering ; for both these deposits 
contain the bones of certain extinct mammals whos(‘ remains are 
not found in the forest. The fauna of th(^ latter is, indeed, the 
fauna of to-da}, consisting for the most jiart of the red de(‘r, the 
ox, hog, sheep, and goat, crexitures w'hos(‘ hones are* also found in 
the black mould of Kent's Cavern. There is some evidence, it is 
true, that the mammoth roamed in Torbay during the forest-era; 
but it is not conclusive, and it will be time to believe' that Kleplmif 
primigeniua was a contemporary of bronze-making man in Devon- 
sliire when its remains have been found in actual association with 
the works of the latter. This Mil)jcct will be again rofen’ed to in 
the sequel ; it is needful now to pass on to tho description of 
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another find recently made by the 
writer’s son on the tidal strand of 
Goodrington Bay (fig. 1). 

This inlet has much the same 
general character as that which 
has already been described, and 
consists of wide and gently sloping 
sands, crowned with a prominent 
ridge of beach, behind which the 
ground is low, flat, and marsh}’, 
having been reclaimed from 
swampy conditions only in recent 
years. 

Fig. 3 exhibits a section of the 
tidal strand taken through the 
spot where the “find” in question 
was made, and it will be observed 
that the forest-clay is here no- 
where visible. At the bottom is a 
bed, E, consisting entirely of pro- 
strate trees and vegetable debris ; 
above that is another, A, com- 
posed of the stems of the water- 
bistort (Poh/ffomon amphihiunx) 
standing as they grew ; next, a 
stratum of silt and vegetable mat- 
ter, T) ; then a thin layer of red 
clay, F, and lastly a b(‘d of mueh- 
abraded reedy debris, C, upon 
which the beach, B, appears to 
rest. The thickness of the lowest 
bed is unknown, while that of the 
others is altogether about eight 
feet. Borings made by the Great 
Western Railway Company have 
shown that there are at least 
seventy, and it may be many 
more, feet of vegetable debris in 
the marsh immediately behind the 
beach, where it is crossed by the 
line carried on a high embank- 
ment. 

On N'ovember 18th, 1883, the 
writer’s son disinterred from the 
PolyrjonumAiedi^ A, fig. 3, two 
largo pewter vases, one of which 
is now on tho table, while the 
other has been presented to the 
Museum of the Torquay Natural 
History Society. These vessels 

. Q.J.G.S. No. 161.. 



Fig, 3 . — Approxirmie Section of Goodrington Beach, showing undrained Marsh in rear, and position of Vases, 
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lay in contact, one above the other, were unmistakably imbedded, 
were full of fine vegetable debris, totally free from any admixture 
of marine deposits, and wore crushed fiat by long-continued gentle 
pressure. The metal of which they are composed has been found to con- 
sist of 10 parts of tin to 1 part of lead, and they Imve been pronounced 
by Mr. Franks of the British Museum to be almost certainly Boman. 
The bed in which they were found is about 10 feet beiow liigh- 
tide line, and vertically lower than the point at which the relics of 
bronze-making man were discovered in the claj^ bed of the adjoining 
inlet. This fact alone suggests the necessity of caution in coming to 
conclusions on the general question of subsidence. 

Old maps of Torbay, such as those of Speed, dated 1010, Saxton, 
1675, and Donne, 1705, demonstrate immense encroachments of 
the sea in this neighbourhood during comparatively recent times. 
The ordnance survey of 1 S09 shows that a road then trav(‘rs(‘d 
Goodrington Sands where the tide now Hows ; while the ('arlier 
surveyors whose names have been mentioned demonstrate a very 
considerable seaward XJrolongation of the land in Torbay within 
the last three centuries. There is little room to doubt that the 
Homan vases in {piestion were lost in (foodrington !Marsh at a time 
when the hcacli which dammed its waters was far seaward of its 
present position and of the spot where the vessels were found. 
Since that time, the beach, receding before the advancing sea, luis 
passed over the vases, which the waves have, finally, disinterred 
from the foreshore. 

The vertical position of the vessids, 1(^ feet below higli-watcr 
mark, may he exjdained by supposing that the fallen trees and v(‘ge- 
table detritus, filling the Goodrington valley to a de])th of at least 
70 feet, formed a very compressible mass, and as this became gra- 
dually consolidated, the reedy beds growing above the prostrate 
forest gradually settled and carried any enclosed objects down 
with them. 

The same bed of clay which underlies the forest on Preston Sands, 
is also present at the same levels at Goodrington, where, how- 
ever, it is generally coyered with sand and shingle. In the centre 
of the bay there occurs a reef of Devonian shale, C, fig. I , wliicli is 
covered at high, and exposed at low water. Uj>on either side of 
this reef the clay reposes, just as it docs ujjon ihe Trias n*ef 
immediately below Kedclifie Towers in the neigh) >ouring l)ay. 
Thence it dips rapidly on either hand, and is soon covered Mith a 
thick layer of peaty matter, as is also the case on Preston Sands. 
There is, however, nothing to show whether this bed of clay 
passes continuously from the reef under the great doj)th of forest- 
deposits which the Great- Western borings have shown to exist at 
the lowest part of the Goodrington valley. 

With regard to the character of the forest-clays Mr. Godwin- 
Austen*, writing in 1842, says that the submerged forest of Torbay 
rests on lacustrine mud, which at Broad Sands contains shells of 
Palvdina imjmra in great abundance ; while at Goodrington also 
* Trans. Geol. Soc. sor. 2, vol. vi. 
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there are traces of lacustrine marl. The writer, on the other 
hand, while totally failing to find any freshwater shells m either 
of the inlets, has met with Scrohicularuiy Hydrohiay Littorinay and 
MelampuSy the three former abundantly, in a single but very 
limited exposure of the clay only a few hundred yards south of 
EedclifPe Towers. Of these shells, the llydrohifp formed a bed 
several inches in thickness, and would have given the idea of 
their having lived and died during the accumulation of the clay, 
but for the fact that they occur at precisely the same horizon 
as living shells of the same species would do. It is quite impossible 
to suppose that an estuarine bed of clay which has been elevated to 
form the soil of a forest should, upon subsequent subsidence, sink to 
exactly the same horizon as it occupied before its elevation ; and it 
is probable, therefore, that the marine shells in question flourished 
where they were found during some recent but prolonged exposure 
of the clay, w^hile the si lifting of derived mud during that time 
might give them the appearance of being bedded. The clay itseh’, 
when not charged with vegetable matter (which gives it a blue 
tinge), or stained at its margins by the red rocks upon which it lies, 
is almost white and of an extremely fine, butter-like consistenc} . 
To this excessive fineness must probalil} be attributed the fact that 
the clay is white, while the surrounding drainage-area is composed 
chiefly of red rocks. Not the -^lighest evidence of marine action 
is exhibited by the lip which, as already stated, can be traced around 
portion^ of ihe shallow basin in which the clay accumulated; and, 
in view of this tact, of Mr. Godwin -Austen’s positive observation, 
and of tbc possibility of (‘xplaiiiing awa\ the rare presence of marine 
shells in the dc]iosit , it is probable that the clay is of lacustrine origin. 

It is time to consider the (piestion of the supposed subsidence of 
the area under consideration in the light of the following facts ; — 
Ist. That the forest -clay of Preston ISands contains relics of bronze- 
making man. 

2nd. That the upper. i)eaty beds of the submerged forest of Good- 
ringtoii liavc yielded Koman remains. 

It has been suggested that the shores of Britain have probably 
remained at their present le^ els for at least 2000 years i)ast ; and if 
Dr. Evans’, M. Morlot’s, and Sir John Lubbock’s views may be relied 
upon, the bronze age in Britain is not older than 4000 years. 
But if, as ]Mr. Pongelly suggests, Torbay stood at least forty feet 
higher than now during the forest-era, it becomes necessary to 
believe that, at some time within the twenty centuries preceding 
Roman times in Britain, the Trias rocks of Preston Sands have 
been ; — 

1. Submerged for the deposition of the forest-clay. 

2. Elevated to a height of at least 40 feet. 

3. Depressed to their present level. 

That a coast which has remained stationary for the last 2000 years 
should have made such active use of the preceding tweh^e or twenty 
centuries for the purposes of oscillation, is rather hard of belief. 
Either the bronze age must be of unsuspected antiquity, or the 

c 2 



Fig. 4 . — Section of the Evjoosttre at Raldiffe Towers^ April 22, 1884. (Scale 60 feet to 1 inch.) 
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objects to which attention has been 
directed this evening must have 
been lodged where they were 
found while the land stood at ex- 
isting levels. 

In attempting to answer this 
question attention will bo strictly 
confined to the Pnignton-Preston 
inlet, a section of wliich is shown 
in fig. 4. The cla 5 ’--bed is here 
only just below high-water mark 
at that part of the marshy land 
most remote from the sea. It 
]»asaes seaward with a verj^ slight 
inclination to at least 750 feet 
from tlie shore, that being tho 
length of the Paignton Iher, whoso 
piles uere all screwed into the 
clay. It is covered, ijiland, first 
Mith coarse sand, among which 
are foinid many large cockle-hhells 
and occasional jj.itches of shingle; 
%\hile, over all, is a hi^er of blown 
sand, the surface of which is some 
two feet above high-^^ater mark. 
1th seaward margin, being un- 
protected by a beach, is in course 
of truncatiem atul destruction hy 
the V arcs ; hut behind the beach 
such jdajits as tlic* water-bistort 
(roJfff/oninn) are growing luxuri- 
antly, vbilo willow’s are exten- 
sively (n]tivat(‘d in the swampy 
soil. It ih not (‘worthy that most of 
the trees found prostrate in the 
foreht-clay are also w illows. 

The basin in w’hich the clay lies 
has a lip wdiich is distinctly visible 
in the cliff near l*rostou Lane, and 
wdiosc position on the slopes of 
tho neigli]>ouring hills is well 
known to the village builders. 
This stands about .se\en fi^et above 
high-water mark, and its margin 
(as already nn'iitioned) gives no 
evidence of liaviiig ever been fring- 
ed by a marine beach, while the 
extreme fineness of the clay itself 
attests its deposition in still and 
scarcely turbid waters. 
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The evidence in favour of extensive encroachment of the sea in 
Torhay is conclusive. Large tracts of land, houses, and roads have 
disappeared within the memory of man ; while maps less than 300 
years old show, with more or less accuracy, a shore-line hundreds of 
feet in advance of the present one. It seems probable therefore that 
the Paignton-Prcston inlet was once barred by a beach, distant at 
least 750, and probably very many more, feet from the present 
beach, behind which the land-water accumulated to a height of about 
seven feet above the high-tide level, and that in the lake, or mere, 
thus formed the forest -clay was laid down. By the breaking down 
of the dam, the sea 'v^as admitted, covering what is now Paignton 
Marsh with coarse sand, to be followed by Idown-sand deposits, and 
in this way the sea was again expelled to the limits of the present 
coast-line. Meanwhile tlie willows and marsh-plants whose debris 
and roots form the greater part of the so-called peat-beds overlying 
the clay took po^8cssion of the low-lying ground. 

Man, as w^e have seen, was present in the Paignton-Preston inlet 
either before the lake in (piestion was formed, living on the “ head,’^ 
or inhabiting a ])ilo-d welling during the deposition of the clay, or 
even, if the lacustrine conditions were intermittent, settled on the 
clay itself ; but, in any ease, the suggested explanation makes it 
unnecessary to suj)])oso that the bronze-makers of Bedcliffe Towers 
were witnesses of those wide oscillations of level which have here- 
tofore b(‘on associated with tlie physical liistory of the submerged 
Torhay forests. The toi)most beds of these deposits have been shown 
to be no older than the Bomaii occupation of Britain, while their 
base dates from the bronze age. If the molar of Elej)has primi- 
f/enlus which has already been referred to was really derived from 
a scaw^ard extension of the forest lying exposed between tide-marks 
in ^J'or])ay, then it must be con eluded that the mammoth survived in 
Devonshire almost down to Boman times, and that hew^as certainly 
conteui])orary there with bronze-making man. 

Bur it is not necessary to supi)ose that tlie same bed of clay and 
the same forest W’cre continuous for great distances seaward in 
Torhay. Buried forests arc, elsew here, almost alw^ay s found in tiers, 
sometimes, as in the Penland districts, four or more one above 
another. At Bhudqiool, only a few miles from Torbay, Mr. A. R. 
]lunt* has given reasons for believing that one submerged forest 
rests upon another; and these forests might, of course, differ vastly 
in ago. Similarly there may he forest-beds beneath the waters of 
Torbay older than those which are visible on Torre- Abbey, Paignton, 
Preston, and (iioodrington ISaiids, and the mammoth’s tooth may have 
come from one of th(‘se. In any ease, tlie submerged Forest of Tor- 
hay, and possilily therefore other submerged forests fringing the 
English coast, are even more truly things of yesterday than has 
hitherto been supposed, 

* Trans. Dev. Assoc., A. R. limit, July 1881, 
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Discitbbiok. 

Dr. H. Woodward said that it was interesting to find that the 
Oopper ingots exhibited by the author closely resembled ingots of 
the same metal obtained by Mr. Pengelly from Kent's Cavern. The 
pottery from the two localities was also similar. 

Prof. T. Rupert Jones doubted the palieolithic age of the flint- 
flakes. Similar flakes have been found on the surface in many t>arts 
of southern hingland, and are by no means of palaeolithic age. 

Prof. T. M‘K. HnonEs said that one of the most interesting points 
connected with tho paper was the cAplanation of a ‘‘submerged 
forest ” without the necessity for any subinergenee. lie (luite 
agreed with the author that the damming back of the sea and the 
growth of trees below high-water mark btdiind the dam, furnished 
a probable explanation of the phenomena. The occurrence of the 
two clays described might indicate two different periods, and sub- 
mergence might have occurred between them. The evidence of the 
chips was not of much value, as they might be of any age. The 
pottery appeared to be British. 

Mr. Blanford agreed with the author in his main views, but 
wished to point out one difficulty. The supposed tin-smelting 
hearths were some lU feet below high-water mark, and the ground 
must have been too wet for smelting, if not actually below water. 

Mr. Topley expressed his gcmeral agreement wdth the author; 
but remarked that similar opinions, as to the recession of shingle- 
beaches and the formation of submerged forests ” without sub- 
sidence, had been put forward by Mr. Yates, Col. Greenwood, and 
others. Where the forest-growth, however, extended to or below 
low-water mark, he thought subsidence must Inive occuiTed. 

The Author thanked Dr. Woodwaid tor his remarks, and for the 
access he had given him to similar ingots in the Natural History 
Museum. He had used the term ‘‘ j)al{uolithic ” merely to indicate 
the type of the flint fragm<*nts. He stated that his paj^er ausw^ered 
Mr. Pengelly, who thought that there liad been a submergence of 
40 feet. With regard to the hearth he aduiitt(^d the difficulty 
pointed out by Mr. Blanford, for there was no doubt that this was 
resting on head. 
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3. The Cretaoeotts Beds at Black Ven, near Lyme Ebgxs, with some 

SUPPLEMENTARY Eemarks on the Blackdown Beds. By Eev. 

W. Downes, F.Q-.S. (Eead November 5, 1884.) 

Four visits, each of three or four hours’ duration, to the same 
section and upon almost consecutive days ought to afford the 
opportunity for recording somewhat, unless the section be either 
one that is void of interest, or already so worked-out as to leave 
nothing further to be recorded. In the present case, when among 
the previous workers are found the names of Etheridge, Meyer, 
Do Eance, Price, and others, it may seem probable that the subject 
might have beer exhausted. As, however, tlic writer s experiences 
do not quite agree with all that has before been written, and as he 
found not a few fossils in a bed hitherto (as he believes) supposed 
to be non-fossiliferous, a brief memoir may be of service. 

The section in (question is about halfway between Lyme Eegis 
and Charmouth, in the sea-cliff. Four years ago there had been 
a landslip there, which necessitated a reconstruction of the high 
road. According to a local informant this landslip revealed for the 
first time the presence of a bed of Gault ; but this statement was 
certainly erroneous, for fossils from the Gault bed seem to have been 
in the Jermyn-Street cases long ere that date. But the landslip 
seems to have done some service to geology in making the Gault bed 
in one place more accessible, and in causing a new and clean-cut 
section of the beds above it to be made in the course of the recon- 
struction of the road. 

The whole cliff-section may be roughly computed to be 300 ft., 
ot which the lower 200 ft. is Lias, and the upper 100 ft. is Cretaceous. 
The latter may bo subdivided again, as 25 ft. of black loamy clay 
at the base, and above it 75 ft. of yellow non-calcarcous sand, with 
a capping of chert gravel. Further westward the Greensand is 
calcareous, but not at this spot. The Gault is of very much the 
same colour as the Lias beneath ; but as the former is pervious, 
and the latter imx)ervious, it apiieared to be more easy to trace the 
boundary with the eye than to traverse it with the feet ; for in the 
few places where a lodge is accessible there is a quagmire of black 
slush, the result of the outbreak of springs. 

Mr. De Eance, as quoted by Mr. Price (‘ The Gault ’ &e. p. 27), 
tells us that, “ at Black Von, where it {?. e, the Gault) is best seen, 
it is divided from the Cowstones above by a few feet of yellow sand. 
A comparison of the fossils from this place with those at Folkestone 
tends to correlate the Dorsetshire Gault with the Lower Gault of 
Folkestone, rather than with the Upper Gault ; in which case, sup- 
posing the Whetstones in the Blackdown beds to represent tlie Cow- 
stones, they and other portions of the former may be equivalents, in 
time, of the Upper Gault.’* 
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It is with reference to the above questions that the following 
observations are especially made. The fossils found in the Gault by 
the writer were 33 in number, aud in the following proportions ; — 


Lima parallela 10 

Inoceramus concentricus G 

Thracia ?, sp 1 

Modiola?, sp 1 

Pinna tetragona 3 

Yenus?, sp 2 

CuculloDa carinata ? . . 3 

Panopooa? 1 

Turritclla gramilata? 4 


Hemiuster ?, sp. (crushed specimens) 2 

33 


The chief point to be observed with regard to tliis list is the groat 
preponderance of Lima ^utralhlay a form unknown in the Plackdown 
beds. Inoceramus concentricus, which comes next in point of 
numbers, is useless for marking an horizon, as it occurs everywhere 
in Cretaceous beds. Negatively the absence of lUlemnites and of 
Inoceramus sidcaf us is noticeable in comparing this )H‘d with that at 
Folkestone. Of Ammonitis, 1 believe that J. sjdcndens is the only 
form hitherto found. 

This black bed passes upwards into yellow sand of the ordinary 
Greensand type. No fossils from the lattcT have, so far as I am 
aware, been yet recorded, 1 searched long without finding any. 
After a while, however, a careful examination of the roadside section 
revealed the fact that organic remains had been abundant th(Te, 
though the traces of them had in Iht* large majority of cases been 
obliterated. In some cases a spiral univahe, c. 7., would bo trace- 
able only by a spiral line of discoloration, n liicli fell to j)iece8 on 
being touched with the penknife. EIscwluu’o, ])y very carefully 
removing the sand, many casts of bivalv(*s W(Te found. The sand 
was, however, not cemenkHl in any way. It was simjdy balled 
together like a snowball, and fell to ])ieces Mitli any but the most 
tender handling. Of course very few ol such casts could be identified. 
Indeed, the only form of which J felt really sure was Ctf/^rina cuneata, 
which seemed to ])e al^undant. The search was, howevm*, fascinating, 
and it led me at last to the discovery of a nest of fragmentary fossils 
eilicified, and altogether resembling very ])0()r lllackdown sjiccimens. 
Tbe nest was a roughly spherical patch in the sand, al>oiit 1 ft, in 
diameter, the matrix being rather darker and more ferruginous lhan 
the rest. Its origin appeared to be a chemical 8U])eriTiduc(*d change 
around a nucleus of some kind. In this little spot 1 found evidence, 
mostly fragmentary, of the following foms: — 
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Cypnna ouneaia (abundant). 
Gervillia rostrata (abundant). 


Cyfher(Ba caperata 4 

i'rigonia scahricula 2 

CucuUtBa gla}>ra 4 

C. fibrosa 1 

Exogyra 1 


Carditvm prohosddeum (3 small 
fragments). 

Fecten orbicularis ? 1 

P. quhiquecosfatus (fragment) 1 

Turrifella granulata 1 

Phasianella ?, sp 1 

Serpula. 

Sip/ionia ? 


The spot in which these occurred was about 50 ft. above the spot 
in the Gault where I obtained the other fossils, and in nearly a 
straight vertical line above it. All my subsequent endeavours to 
find anotlier such nest of fossil remains proved futile ; but its 
occurrence is a remarkable comment upon the fragmentary character 
of geological evidence. But for this little local alteration of the 
matrix, affording conditions for preseivation, and proving that it had 
once been teeming with life, the rock might have been pronounced 
altogether barren of organic remains. 

In this spot, then, 50 ft. apart vertically, are two very distinct hori- 
zons. There is but one (possibly not even one) specific form in common. 
That one would be Tarritel/a (jmnulata; but the specimen from 
the Gault-bed is too poor a one for exact determination. The fauna 
of the upper bed is a much nearer approach to the Blackdown fixuna 
than that of the lower, and for this reason as well as from its position, is 
probabl} its eiiuivaleut ; but the absence of some of the commonest 
Jilaekdown forms is noticeable. Among the commonest Blackdown 
forms is PectuncuJvs luabonatus^ and the closely allied forraP.5M6?rt’vts; 
these, howc\cr, at BLiekdowri are distinctive of rather high horizons. 
One might therefore be justified in reu'^oning from this fact that the 
upper Black- Veil bed might be the e(|ui\alent of the lower Black- 
down. But contra in the Black- Veil bed wc have a great 
prepondc’^ance of Ggprlnacnncata^ which at Blackdown is distinctive 
of a bed iLtorinediato between the two 7Vr^/o/cu?w.?-beds. 

The evidence, so far as it goes, seems to show alternation of specific 
horizons. It would seem as if inosculations due to changing littoral 
conditions occurred among the beds, as before suggested by Prof. 
Seeley*, with cerlainly a geneial thinning-out to the westward. 
Under such circumstances it is questionable if we shall ever be able 
to subdivide the (Vetaecous beds of the West of England into the 
marked divisions of Gault and Upper Greensand which are applic- 
able to the beds to the eastw.ird. The I duck Lima -pa rail el a bed of 
Black Von is, however, cleaily of lower horizon than the lowest of 
the Blackdown ]>eds ; for it thins out before reaching Sidmouth, and 
apparently immediately underlies the Blackdown scries. The 
general thinning-out to the westward is very evident. ^Ir. Iludle- 
ston has iiointcd out that the Lower Greensand has thinned out 
eastward of the vale of Wardour, though, according to Mr. Etheridge, 
there are some traces of it to be found in the more southerly beds at 
Black Vent. The Gault, as shown in the coast-section, evidoutly 

* Quart. Joiirn, Geol. Soc. Yol. xxxviii. (1882), p. 92. 

t Ibid. p. 93. 
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thixm 0iii fo tlie eastward of Sidmouth ; and my own investigations at 
Bladkdown and Haldon will, I think, prove that at least the lower 
two thirds of the Blackdown series have thinned out in the hiatus 
which separates Blackdown from Haldon. 

I will heretake the opportunity of saying, as germane to the present 
subject, that I have a few additions to make to the list of Blackdown 
and Haldon fossils published in the Quarterly Journal of 1882. 

In that list, under the head Actino/oa,’’ appears “ ♦ S 7 nilotrochus 
Attstent (E. & H.) [? TrocJiosnnlia^ T. C.’’ As regards the Black- 
down form, I believe it ought to liave })een wri ten “ Trockmnilia 
tuherosa (Ed. & H.) T. C. 1).”; but the specimen are not good, and 
Prof Duncan, to whom I showed tliem, would not bo responsible for 
their nomenclature. This species, or one clo'^ely approaching it, is 
Jess uncommon at Blackdown than has ]>eon sn])]>obcd ; but it comes 
from an horizon far removed from that of the Haldon corals, and 
therefore should not be confuMd witli them. T obtained five 
specimens fiom bed (see tabular ^'ie^\, (liiaH. Joiirii. Gool. Soc. 
Feb. 1882, p. S4), whereas the Haldon corals, mosth compound 
forms, are tound in bed 13. 

Xiter luoce ram US sulcatus, as Mr. Me} or bus pointed out to mo, 
ought to be added /. semistdettitis, 

Nncxda y^ecimata^ Sow., ? variety. This sj)ecies is referred to 
Blackdown in lil orris’s (’atalogue; but the actual specimen appeared 
to have vanished from all known collections. I therefore omitted 
this species in my liht : but I have sinc(* found it. Mr. J. S. 
Gardner considers that my specimen moie resembles those from 
the Chalk Marl than those from the Gault. 

Solarium^ clearly allied to N. ormitum^ but (as Mr. J. S. Gardner 
has pointed out) differing from Folkestone specimens in the 
absence of the distinct row of ribs uhnh e.rhnd about half waif across 
the upper part of the vhorJJ* The same correspondent informs me 
that my specimens ver^’ closely approach a form from the Grey 
Chalk. 

In the list of Haldon corals (p. 01 ) two of the commonest forms 
have somehow been omitted. 1 allude to Astroennia decaphylla 
(Ed. & H.) and Isasinta liaJdonensis (Duncan). 

OrhitoUna-cAiQTt (bed Jo). This, 1 am now inclined to think, is 
no distinct bed, but merely a local variation from an ordinar}' 
chert bed. 

I have also to add, from bed 13 at Haldon, Elasmosloma Norma • 
nianum^ of D’OrVugny. I am told by Dr. Hinde that this is one of 
the calcareous sponges, since silicified, and that this species also 
occurs at Warminster, and in the Tourtia at Esscn-an-der-Ilubr. 

Discussion. 

Mr. Etheridge generally confirmed the correctness of Mr. Downeses 
section. He stated that a bed of “ Carstone,” from 1 to 2 ft. 
thick, rests on the Lias of Black Vcn. 
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Mr. Metsb stated that he had not been so fortunate in his Tisits 
to Black Yen as to find the bottom beds of the Cretaceous un> 
covered ; nor had he succeeded in finding fossils in the sand above 
the Gault. He agreed with Mr. Downes that the Blackdown beds 
represent the whole or part of the Gault. He himself had thought 
at one time that the Blackdown beds might represent the Gault and 
Lower Greensand ; but he had now been led to conclude that the 
supposed Lower-Greensand fossils from Blackdown were really of 
different species. 

The Author was inclnied to regard the Blackdown beds as being 
rather Upper Greensand than Gault ; but he did not thmk the 
distinction of Gault and Upper Greensand could be made out in 
the western extension of those Cretaceous deposits. The term 
Gault had been used in the paper to signify the black argillaceous 
bod, and not as a tiine-limit. There were certainly many Gault 
forms in the Blackdown beds. 
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4. NoU on the Rbbbmblancb of ihe Upper Molar Tkbth of an 
Eocene Mammal (NEOPLAOiArLAx, Leniohe) to those of 
Trittlodon. By Sir Richard Owen, K.C.B., F.R.S., F.G.8., &c. 
(Read November 19, 1884.) 

Shortly after the communication to the Geological Society of the 
paper on Triiijhdon * 1 Wfus favoured by the author, Prof. I^cunoine, 
with a copy ot his ‘ !Meinoiro,’ “ Etude sur Ic Neophvfiaidcuv do la 
Faune Interieure des Environs do Reims ’’ t. The chit‘f interest of 
that * Mernoire ' was, to me. the dental characters of the small 
mammal there disc overed, enpecialU tho'^e t)f the appear molar teeth ; 
while the general characters ot the dentition. ]\y their resonihlanco 
to those of the Meso/oic Fh(</i(ntht.i\ are also notaldy suggestive J. 

With a premolar, in relative si/e, ^Intpe, and sculpturing of crown, 
80 elo^ely repeating the ])oeuliarities of that tooth in oiir Oolitic 
marsupial as to lia\e sugge^Ntid the gmnu'ic name of the lower 
Eocene mammal of JRiius {Sto/thtfftftuhuv), weie associated true 
molars moie uearl\ reseinhling, in tho^e of trie ujiper jaw, tlie 
corresponding teeth of I'ntphtlon thin did the teeth of the 
genera .l/icTo/t5/ s and Sttriopu iiJvts ^^ilh \>liich I compared them 

Figs ^fo1<lr^i of oplagi'iulux eocauius, Lemoiney aftn* 

Ltmoine^ BhJL Soc. Geol. Ft\ tom, \i. pi, vi. fi>is. 17 a. 

Ally. S' He, 

I'lg. 1, I'lg 2. Fig. 

a 

1 From beneath. 2 A I 'rum tin sides. a. .Natural Hire. 

The figures 17^/, 17 /, 17 (y jd. vi, of M. Taiiuune’s ‘Mciuoire' 
appended to the picsent note, will enable the re‘*einhlance of the 
upper molars of Nioplnp'ntnhtx (ourofts to tliose of Trltploflon to bo 
appreciated. Jri si/e the ditfeicnce is almost as great as that shown 
by the molars of MicrohsUs , And liere 1 lu.i} observe that, as 
the low'er molars of jWophifjiaulav lia\e only two longitudinal series 
of tubercles, it suggests a surmise that the lower molais of TrUphuhn, 
may be found to present the stime le.ss complex character as com- 

* Quart Jouni. (icol Soc Feb L'St, \ol xl p 2 Pi, pi vi 

t bulletin dc la Societe Oeologiquc de France, .'ic ei'ric, t. xi. p 2 IP. 

J Compare “pi. \ figB 1 with tigs. P and 10, })1 n of m\ “Extinct 
MarBupiaiB of England,” pp. 7o-87, in the ‘Extinct AlaminalM of Australia, ' 
4to, 1877, p 75 

§ Loc. Cif j)p. 15P, 151, 

I Lor, cit. pi. ^i. fig^. 8-10 (rnagn, 3 dianieters). 
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pared with the upper oneg ; and, at the same time, that the rare 
detached molara on which the genus Microlates is founded may be 
also those of the lower jaw. 

I add the .following paragraph from the close description by 
Prof, Lemoine of the upper true molars of his rare and interesting 
fossil : — 

Molaires superieures (pi. vi. 17-17 his) presen tout trois 
rangees do donticules bien caracteristiques/’ — “ La rangee mediano 
de denticules se trouve separee des deux rangees laterales par un 
sillon assez large. Les rangees latfTales de denticules bordent de 
cheque cote la couronne ; les denticules en question sont de memo 
forme quo les denticules medians, mais ils sont plus petits. Nous 
avons compte cinq denticules pour chacune de ccs rangees ” (Zor. cit, 
p. 2(i0). 

Here is indicated the chief difference, besides size, between the 
upper tiuo molars of JVeopIafpaula.r and Tntj/lodon, In the latter 
the tubercles (“ denticules’’) do not exceed three in number in the 
middle row and the inner row, and are but two in the outer row : 
and the} are of proportionally larger size. 


Discu'^ston. 

The ritTssTDrxT expressed his regret and that of the Society that 
the caie which the author's health now required prevented him at 
this season of the }edr fiom being present at the reading of the 
paper. 

Ih'of. SLPLrY referred to the discovery by Dr. Fraas of teeth of 
the Tiias of Wurtcnibeig, to which ho gave the name of Triglyphxis, 
Prof. Neuniayr of A icnna had lately jiointed out the resemblance 
between the teeth of TntylofJon and TrighjpJius. Ho could not 
agiee with the author in thinking there was any evidence that the 
molars of the lowci jaw had only two rows of tubercles. 

Mr. Lydikkur also doubted the truth of the author’s suggestion 
concerning the teeth of the lower jaw. He thought that the con- 
dition of the teeth in the upper jaw of Tritylodou^ the fourth molar 
being less worn than the fifth, pointed to tlie conclusion that this 
form belonged to the Marsupialia rather than to the Eutheria. 
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(hike IhscarxBT in one of the Boitk-cavibs of Ceb3Wbli. Cbao« 
of a portion of the Upper Jaw o/EtBPHA8PRiJCiGE?aFS, eontaininfl 
in situ (he first and second Milr-molars (right side). By A. T* 
Metcalfe, Esq., F.G.S. (Read November 19, 1884.) 

[Abridged.] 

I DESIRE to bring under the notice of the Society a portion of the 
upper jaw of Elephas primufmlns, containing ni situ the first and 
second milk-molars, discovered by myself in one of the bone-caves 
of Creswell Crags. 

It will be remembered that these caves have, during the la.st ton 
years, through the exertions of the Rev. J. M. ]Mello, F.G.S., been 
systematically explored undt'r the auspices of a committee of the 
British Association, and that papers describing the caves and giving 
the results of the explor 4 iti(ms liavo .ippeared in the Society’s Journal. 
The specimen now on tlu‘ table was obtained by me prior to these 
explorations. In securing it, therefore. I in no way interfiTed with 
any authorized invchtigations ; fur none Inid then lu'on set on T 
found the specimen in the red .sand or cave-earth of the Pin-holo 
Cave,’’ and quite at its oitnince. This cave i^ the most westtTly on 
the north or D(*rf*\ .shire side of the ravim\ and has been hilly 
described by ilr. M(‘llo, wdio givt*s the following section of its bt^ds 
(Quart. Journ. Geol. Soc. vol. \xxi. p. 0^1); — 

1. Supfac<‘-soil, containing r«*<viit ]>ottcry, bone*. Ac., inches 

2. Damp pkI sand. ronuh Idocts of magnesian Innchlone, quartz, 

quartzite, and oilier pebbles and numerous bones, feet 

3. Lighter-coloured sand. coii‘«ohdated by infiltration of lime No bone^(?). 

Sir Richard (iwen has verv kindly undertaken to describe my 
specimen. He informed me some time ago that the National Collection 
had evidences of all tlie jihases of dentition of the mammoth except 
the earliest, which is exemplified in the small anterior tooth in the 
portion of jaw discovered ])y me, and that tlic true valu(‘ of my 
specimen w'ould be its completion of the series now arranged for 
public instruction in the British Museum. I naturally feel that 
a suggestion from such a high (juarter cannot be disregarded, 
and, in accordance thenwth, I have undertaken to jiresent the 
specimen to the British ifuseum. 
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6. Notes on Bemains of Elephas vmMmmiVB from one of the Cbes- 
WELL Bone-cates. By Sir Eichabd Owen, K,C.B., E.E.8. 
r.G.8., &c. (Road November 19, 1884.) ^ 

CirviEB, in his chapter Rur les Eldphans Fossiles ” *, notices a 
fossil molar tooth discovered at Fouvent as having come from a 
very young individual and as being uno vraie molaire du lait f a 
figure of the grinding-surface is given, of the natural size, in pi. xii. 
fig. 2. The antero-posterior extent of that surface is 22 niillim., 
the extreme transverse extent is 13 millim. 

The difference of size between the tooth figured by Cuvier and 
that preserved in the jaw in Mr. Metcalfe’s specimen is such as to 
suggest one of specific value ; but the greater degree of wear to 
which the Cress well- cave fossil has been subject, during life, and 
the inability to compare it with the original of the figure above cited, 
prevents such conclusion. The second detached molar figured by 
Cuvier, and noted as a second molar of a young mammoth,” shows 
no such increase of irize : it is stated to have been derived from the 
environs of Toulouse. 

Subseepn nt figures and indications of the first and second molars 
ascribed to EI^jJkis prhnhjenius represent, like Cuvier’s, detached 
teeth or tooth-crowns, leaving it imdetermined whether they be from 
the upper or the lower jaw. 

In the account of the succession of the molar teeth of the existing 
Indian Elephant, the first molar, upper jaw, has a crown 20 millim. 
in antero-])osterior diameter, 1 3 millim. transversely ; the crown 
consists of four pTinei])al plates and a fifth smaller one, or “ talon ” f. 
That the Eh phas ])rhnl(jei(ins had a similar first grinder of the series 
was indicated by the socket in the lower jaw, from brick-earth at 
Ilford, Essex J. A reduced view is given of the crown of the second 
molar, lower jaw, from Kent's Hole, shouing eight transverse 
plates and a talon §. 

The K])ecimen which ^fr. Metcalfe has kindly submitted to me 
(figs. 1 2) is th(* first 1 have seen which demonstrates the cha- 

racters of the first and second U]>per molars in situ. It is a portion 
of the ft)ro part of the maxilla, showing the bonj’ palate, with those 
teeth of th(* right side ; the corres])onding sockets and teeth of the 
loft side are broken away. Tlie tuo molars have a longitudinal 
extent of three inches and one line ( = 78 millim.). The worn sur- 
face of the foremost has a length of 14 millim.; that of the second 
molar of 50 millim. ; but the entire length (fore and aft) of this 
tooth is 2^ inches ( = 02 millim.), the two hindmost divisions of the 
tooth not having risen into use. 

* Recherches sur los Ossemens Fossiles, ed. 8\o, 18^4, tome ii. p. 175. 

t Odontogruphy, 4to, 1845, p. (>32, pi. 148, fig. 2. 

t British Fossil Mammals, p. 223. 

§ Ib. p. 224, fig. 87. 



or vietc/ 0/ 1» portion of the forepart of the 

MaxSlary Bones of Elophas primigenius, with the Grinders of 
^ right side, (Natural size,) 



d^, d.^. First and second grinders. a. '\Vt>rn root of first grinder. 


Fig. 2 . — Outer side view of a portion of the Bujhi Maxillary^ with 
the first and second Grinders (/Elophas primigcnius. (Natural 
sizo.) 



d^. Grinderg. 
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The worn, flat, and smooth surface of the first molar in annexed 
sketch (Fig. 1, d^) shows the foremost plate almost worn away ; 
the second plate retains a feeble indication of two of its mammilloid 
prominences ; the third and fourth plates have, each, indications of 
four such prominences ; but their grinding-surface has been worn 
down to a hind " talon,’' which liad just come into use. The original 
unworn or little- worn surface of this molar would have nearly the size 
of the tooth from Fouvent, and indicates that to have come from 
the upper jaw. The roots of the more worn molar in the Cresswell 
specimen are fully developed : the anterior one (Fig. 2, a) extends 
in a forward curve, with its closed end 13 millim. in advance of the 
part of the crown it supports. The crown has been worn down to a 
Bubtriangular figure with the apex forward; the breadth of the 
grinding-surface near the base is 15 milliA. The greatest breadth of 
the second molar (d^) where the hinder root begins is 1| inch 
(=32 millim.). Of this tooth, the fractured surface of the right 
maxillary exposes three roots, the first and second diminishing to 
their almost closed ends ; the common, widely open pulp-cavify of 
the hinder root is also exposed ; its subsequent division into an outer 
and inner fang is indicated. 

The specific distinction from Ele])has indicus is shown, in the 
present portion of Kkphah prim uj emus ^ by the greater relative 
breadth of the second molar, especially towards the base of the 
crown. 

The thickness of the constituent enamel-clad plates is but little 
less in proportion to the mass of the crown than in the larger variety 

Dauntclah ” of Corse) of Elephas indicus. But these plates show 
their specific proportions in a more marked degree as the subsequent 
progressively larger molars are acquired. 

The portion of the bony ])alate owes its transverse concavity 
chiefly to the development of the inner wall of the molar sockets. 
The broken surface above that plate gives indications of pneumatic 
cavities. 

In contemplating this rare relic I have not been able to suppress 
sympathy” with the unhappy juvenile British elephant, which, long 
ages ago, fell a prey to some dire contemporary speltean carnivore, 
by TN hose jaws the immature skull has been reduced to fragments. 


Discussion. 

Mr. Lidekklk said that there was some ambiguity about the 
terms first and second milk-molars ; they are better termed ante- 
penultimate and penultimate. There may be another anterior 
milk-tooth abnormally developed, and one specimen of the African 
Elephant in the British Museum apparently contains this tooth. 
The specimen now exhibited and described is not, however, the 
only one with the milk-molars in situ; there is another in the 
Bright collection from the opposite side of the upper jaw, but from 
an unknown locality. 

Q.J.G.S. No.161. B 
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Frot. SsEust stated that a specimen of the full first dentition of 
M^phax prtmi^enwSj comprising the teoth of both upper and lower 
Jaws, found in the gravels of Barnwell near Cambridge, was formerly 
in the Woodwardian Museum. It was lent to the late Dr. Falconer, 
and after his lamented decease it could not be found. 

Dr, H. Woodward stated that a specimen of Elephas antiquus^ 
with milk-molars in situ, existed in the Museum of Practical 
Geology. He was not quite certain whether the specimen on the 
table did not belong to the same species. The specimen in the 
Bright eoUectioii is also labelled E. antiquns. Young teeth of 
E }irmir/enit(s have been found in abundance at Ilford and elsewhere 
in the Thames valley, all proving that the animal was indigenous in 
Britain. Tlie specimen exhibited was of great interest as its exact 
loailitj* was known. * 

Mr. E. T. XEwroy remarked that the specimen in the Museum of 
Practical Geology was similar to that on the table, but it was vory 
difticuh to di.^tiiiguish bt tween the young molars of tlu‘ two specit's 
referred to n ithout careful ci>ni]>ari''on. 

Mr. Metcalfi exprt‘ss{'d hi^ thanks to Sir Bichard Owen for 
his kindness in dcncTibiru; the specimen, and to the Fellows 
of the Society for the manner in wliich they had received this 
communication. 
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7, On STRATiasAPHicAL Positions of the TRiooNiai 0/ Lowes 
and Middle Jukabsic Beds of Nosth Oxeokdshisb and adjacent 
Districts. By Edwin A. Walpord, Esq., E.G.S. (Bead 
November 19, 1884.) 

[Plate I.] 

A WELL-defined family of the Mollusca making its appearance and 
attaining its maximum development within a limited geologic 
period must necessarily be of exceptional interest to the palaeonto- 
logist. Such a family, the Trigoniae, though from their irregular 
dispersion and less vagrant habit inferior to the Ammonites as 
stratigraphical guides, supply nevertheless no unimportant evidence 
thereon, finding, as they do, a birthplace in the lower beds of 
the Lias, and in the Inferior Oolite leaping into such numerical 
luxuriance that Dr. Lycett has well described it as “a very metro- 
polis of the Trigonise.” Though fairly represented in the higher 
Jurassic series, yet with gradually diminishing importance notwith- 
standing a brief Neocomian revival, they range through the Meso- 
zoic period, and now in Australasian seas linger as the remnant of 
a once dominant race. 

In wealth of individual forms as well as in number of species the 
narrow Jurassic area of North Oxfordshire stands prominent. As 
elsewhere, the Lias species are few. 

Livhsic Species. 

Trigonta lin(4onensts, Dumort. — In the zone of Ammonites Uenleyi 
of the Middle Lias of Banbury a doubtful cast of this species has been 
found. I have recorded it also from the /one of Ammonites syinatus ^ 
at Kings Sutton and Abloii-le-AVall, localities on the borders of North- 
amptonshire. At Preston Capes, in Northamptonshire also, it has 
been collected by Miss Baker +. 

Trigonia NoiiTiiAMPioxENsis, nov. sp. (PI. I. figs. 4-7.) 

The few immature forms of this species which had come under 
my notice until quite recently caused me to refer them with some 
degree of hesitancy to the Yorkshire shell T, literata, Y. & B. The 
adoption of a new name has seemed necessary under the additional 
light thrown by the acquisition of a better-developed series of 
examples and by an expression of opinion from a palaeontologist 
of wider experience than myself. Though perhaps the differences 
between the two forms may to some extent be due to regional varia- 
tion, yet wo have to remember that in the course of the Lias from 
Yorkshire through Lincolnshire and Leicestershire, no connecting 
link seems to have been met with. 

* “ On some Middle and Upper Lias Beds in the Neighbourhood ‘ of Ban- 
bury,** by E. A. Walford (Proc. Warwicksh. Nat. & Areh. Field Club, 1878). 

t “ On the Middle lias of N. Gloucestershire,** by the Rev. F. Smythe, M.A. 
(Proc. Oott. Nat. Club). 

D 2 
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Shell ovately trigonal, moderately convex, umbones erect, pointed 
and antero-mesial. The specimen (fig. 5, PI. I.) measures in height 
l^inch, breadth 1| inch, depth through both valves inch. An- 
terior side produced and curving somewhat steeply to meet the lower 
border ; superior border slightly convex, making but. a faint angle 
with the lower-area border. Inferior margin of tho shell rather 
straightened. Escutcheon concave and lengthened. Area convex, 
occupying about a quarter of the surface of the shell. Marginal 
Carina depressed and not prominent ; mesial line of the area indi- 
stinct : area covered with fine transverse lines. The nearly perpen- 
dicular costa^, about ton in number, ])rocced from the marginal 
Carina downwards, beginning near to the umbones ; they are boldly 
marked until they reach the transverse subtuberculato costae pro- 
ceeding from the anterior margin. Tho transverse costuc dip gently 
downwards from the anterior border. Traces of transverse striae 
cover the better-preserved portion of the surface. 

The example described is much less convex than T, Ilteraia, and 
in the ornamentation the perpendicular costa' arc not prominent 
over more than a third of the surface, whereas in T, llterata that 
scries occupies its larger portion. 

A second group of shells (figs. 4, b, 7, PI. I.) presents many 
points of divergence from the form Just dosc'ribed. In some of 
them, as in figs. (> & 7, the outline is more oblicjue, and tho antcal 
costa? are cither reduced to insignificant ])roporlions, or are appa- 
rently a])«*ent. This condition much ros(‘mhlcs the ty ])0 of shell 
figured by Lycett (pi. xiv. fig. 1, llrit. Yoss, Tiigonim), who speaks 
also of the very variable ornam(‘ntiilion of 'P, fftvrata. Tho per- 
pendicular costie of this variety of Triijonla nhrfhnhqfiotumift enlarge 
as they pass downwards from the marginal earina, and cross towards 
the anterior or lower border. 

Fig. 4 presents an intermediate stage between the forms repre- 
sented by figs. 5 & 0. The aiitenor tuhurculate costa* are seen 
curving slightly dou nwardb, transversely, towards the posteal scries, 
the space between the two series being occupied ])y a few scattered 
tubercles. 

Triffonia navis, Lamk., has a more trigonal contour, and a nearly 
vertical anterior border. The rNorl}iam])tonsliire sliells appear to be 
local representatives of the group Scaphoida?, finding a place some- 
where between T, navis, Lamk., on Iho one hand, and T. llterata, 
Y. & E., on the other. Their state of preservation is far from 
satisfactory ; the soft test has peel(*d otf more or less by adhesion 
to the tenacious blue clays in which the shells are imbedded, and 
this has in nearly every case destroyed the beauty and prominence 
of the ornamentation. Perhaps the finding of better examples 
may ultimately allow the two varieties figured to be recognized as 
species. 

I am indebted for my specimens to Mr. B. Thompson, F.G.S., of 
Northampton, who has been describing tho Lias deposits of the 
county. The Trigonice were obtained from Moulton, near North- 
ampton, and rough costs have also been found at Eugbrook in the 
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same county. The interest of the discovery is further enhanced by 
the recognition of the exact horizon of the fossil, at nearly the top 
of the Upper Lias and below Mr. Sharpes stage E of the l^orthampton 
Sand. Mr. Thompson’s notes on its position agree with my own. 
He writes, “ The shelly band, a few inches in thickness, is about two 
feet below the junction (with the Inferior Oolite) where now work- 
ing ; but the men say it dips so rapidly on each side of its present 
position that they had met with it in the same pit thirteen feet 
below the junction.” The associated fossils are Ammonites hifronsy 
Brug., Gressh/a donaciformis, Phil., Inocemmus duhius, Sow., Pro- 
tocardium suhstriatulum, d’Orb., Cueidhm^ sp., &c. 

Tjrigonia pulckklla, Ag. — This also, an Upper Lias form, has 
been recorded from the neighbourhood of Northampton, though only 
as a Drift fossil* * * § . Probably ere long wo may hope to have a record 
of the discovery of the species in situ^ as a layer containing small uni- 
valves {Ceriihlam^ &c.), similar to those found by Mr. W. D. Carr, 
in the Upper Lias of Lincoln f associated with T, j^^dchella, has 
already been noted by Messrs. Thompson and Crick. The Lincoln- 
shire horizon of T. jmlchella appears to be much lower than that of 
T. aorthamptonensis, the former being at the base of the Leda-ovum 
bods, the latter towards the top. 

Ineekior Oolite Species. 

The Trigoniae of the Northampton Band have been catalogued by 
Mr. li. Etheridge, F.ll.B4> and by Mr. Sharp, F.G.B. § It should, 
however, be borne in mind that the Inferior Oolite of Oxfordshire 
neither satisfactorily agrees with the “Northampton Band” on the 
one hand, nor allows of easy correlation with the Cotteswold type 
on the other. Inasmuch as the latter series has presented many 
points of relationship, 1 have attempted a comparison 1|, and have 
summarized the matter in the following table, here slightly 
altered : — 

* “ On tlie Drift deposits of WymingUm,’’ by \V. D. Crick (Northampton 
Nat. Hist. Soc. Proceed, 1883). 

t “ On the Lincoln Lias/' by W. D. Carr (Geol. IMag. April 1883). 

f Appendix to Prof. J udd’s Oeol. Rutland, by B. Etheridge, F.R.S. (Mem. 
Qeol. Surv. 1873). 

§ “Oolites of Northamptonshire,” by S. Sharp, F.G.S. (Quart. Journ. Geol. 
Boc, vol. xxvi. p. 388). 

II “On the Relation of the so-called * Northampton Sand * of North Oxford- 
shire to the Clypeus-grit,” by Edwin A Walford, F.G.S. (Quart. Joum. Geol. 
Soo. vol. xxxix. p. 224). 
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As far eastward as Chipping Norton and Fawler, in N.W. Oxford- 
shire, the continuity of the upper beds of the Inferior Oolite of the 
Cotteswold type (the Eagstones or Clypeus-grit) is easily traceable. 
North-eastward of these points, however, so widely different are 
the conditions of deposit that Mr. Hudleston has well said * : — “ The 
beds of this region have a type of their own, and it is no use trying 
to force them into the ready-made clothes of other districts.’’ 

The bed (C^) at the bottom of the Clypeus-grit (C^) at Fawler, 
and that at the base of C at Hook Norton are similar lithologically, 
and both contain an abundance of concretionary and derived 
fragments. Associated with these in each locality are corals of 
similar species, blocks of Kmestone covered with oysters and 
pierced with Lithodomiy numerous shells such as Aatarte minima^ 
Ostrea Marshii^ Isoccmlicty sp., Trigonia prodiictay T, costata, and 
T. angidata. With so many features in common, it will be safe to 
assume the connexion of the seas of these areas with each other at 
the time of the deposition of the bed, whilst the irregularity of its 
occurrence at Fawler, where the bed rests, as at the Duckpool-Farm 
cutting, near Hook Norton, upon the Upper Lias, points also to 
long and continued erosion in the antecedent period. The classi- 
fication of these beds with the zone of Ammonites Parhinsoni on 
the one hand, or the zone of Ammonites Ihmpliresianus on the 
other, will depend much upon whether we look to the Cotteswold or 
to the Dorset tyi)os for comparison. The fauna is that of the Lower 
Trigonia-grit, a division, according to Dr. Wright, of the zone of 
Ammonites Parhinsoni ^ but placed by Mr. Witchollf i^i the zone of 
Ammonites Jfamphresianus. If the remains of the bored bed 
represent, as seems to be probable, the well-known Upper Freestone 
bed, then it would point to the destruction of that stratum prior to 
the formation of the lowest bed of series C. 

The ‘ Supplementary Monograph on the British Fossil Trigonim,’ 
by the late Dr. Lycett, published in 1883 by the Paloeontographical 
Society, has done much to increase our knowledge of the strati- 
graphical position as well as of the species of the Oxfordshire 
Lower Oolites. Some additional information accumulated since the 
materials were sent to Dr. Lycett in the early part of the year 
1882 has induced me to proffer these notes to the Society. 

Tiuoonia Buodiei, Lyc., a pretty little local species, is not un- 
common in the Lower Inferior Oolite beds A and B\ Its occurrence 
in any higher stratum is doubtful. It is nearly allied to T, formosa, 
Lyc., of which it may possibly be a local development. The pro- 
minent distinguishing feature between the two species consists in 
the more vertical position of the lower cost® of T, fonnosa. The 
beds A and B seem to represent the zones of Am, Jurensis and 
Am. MurchisoncB, 

“Report of the Excursion of the Geologists’ Association to Chipping 
Norton,” by W. H. Hudleston, MA. (Proc. Qool. Assoc, vol. v. no. 7, p. 9). 
t ‘Geology of Stroud,’ by B. WitcheU, F.G.S., p. 57. Stroud : 1882. 
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Tmoonia FORMOSA, Lyc. — Though it may appear unsatisfactory 
to class T* Brodiei, T. formosa, and T. striata from the same 
horizon and locality, yet certain well-developed shells of the 

Brodiei t}’pe pass away into forms which agree so well with 
moderate-sized examples of T. forniosa that it seems to he necessary 
either to make T, Brodiei a variety, or to admit the former into 
the Oxfordshire list. Locality : Hook ^Norton, beds A and 

Trioonia stkiata, j^Iiller, is found sparingly and in an indifferent 
state of preservation in the beds A or B^ of Otley HUl. In Olouces- 
tershire, according to Wright^, it occurs in the Cynocephala 
stage,’’ whilht Lycett records it from the zone oiAm. HumpJircsiamLS 
only, referring the shell from the lower zone to T, formosa, 
T. striata is catalogued as common in the Lincolnshire Limestone. 
Other Survey Memoirs f quote it from the Great Oolite. 

Trigonia sTGXiTi, Ag. — The four varieties of this species figured 
by Dr. Lycett in his Supplementary Monograj)h, occur in an 
admirable state of pn'servation in the higher divisions of the 
Inferior Oolite of North Oxfordshire. In the beds C of Hook 
Horton the first forms ai)pear associated with Astarte ininbnay 
JRkyacJwtiella S 2 >inosa^ and many other species of mollusca, but they 
become the dominant fossils in the superior stages of other localities. 
The matrix of the Litter stages is eitluT sandy or an intensely hard 
compact siliceous limestone, from which the extraction of the shells 
is exceedingly difficult. A bored bed occurs above the Upper Tri- 
gonia-la}er at Hook Horton. Some undescribed forms of Tri(jotuce^ 
to which I shall presently allude, were procured by me some years 
since from the Trigonia-])cd at Sharpshill n(‘ar Hook Horton. At 
the Prior)’ Farm by Chipping Horton and at Grayton Quarry near 
Whichford numerous specimens of the several varieties may } (‘t bo 
obtained, but in other localities they are now rare. T. sujnata^ var. 
Stutterdi, and var. decuriata^ have both lieen found in C of Hook 
Horton and Otley Hill ; and though Dr. l.ycett has referred the 
former to the superior beds, probalily it would be better to restrict 
the varietal name to the shell of the lower beds (figs. V and 10, 
pi. ii. Foss. Trig., Supp. 2), which is like those found at Cold Com- 
fort near Cheltenham, and distinct from its allies of the later 
deposits. T» sigruita^ vars. Zietenii, ruyulosa, and decurtata, occur 
in the higher series. 

Though in Yorkshire T, sigmta belongs to the zone of Ammonites 
Humphresiauvs^ in the south-west of England Lycett gives the Upper 
Trigonia-grit as its only horizon. 

Trigonia spinxjxosa?, Young and Bird.— A solitary and, unfor- 
tunately, imperfect example from bod B^ of Hook Horton has many 
]>oint6 of resemblance to the shell figured by Lycett (pi. iii. fig. 6, 
Brit. Foss. Trigonim). The tubercles are more distinct than in any 

♦ ‘ A Monograph of the Lias Ammonites/ by Dr. T. Wright, F.R.S., p. 146 
(Mem. Pal. Soc. 1879). 

t * On the Geology of the country around Banbury/ by E. Hull, F.G.S., 
pp. 24, 25 (Mem. Geol. Surv. 1864). 
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YorkBhire specimen in my cabinet. There is also a general tendency 
to an upward curvature of the rows of costae, which places it in near 
relationship to T, formosa, from which, however, it differs in the 
marked isolation of the tubercles anteaJly and their evanescence in 
its lower half. 

Tbioonia Moretoni, var. oxonibnsis, Mor. & Lyc., seems to be 
confined to the beds C of Hook Horton and Otley HiU. Young forms 
of T, angulata arc difficult to distinguish from this little shell. T. 
Moretoni^ according to Etheridge, is found rarely in the CoUyweston 
Slate, and in the lower zone of the Great Oolite it seems to bo well 
known generally. 

Trigonia angulata, Sow., occurs not uncommonly in and imme- 
diately above the coral bed (C) at Hook Horton and Otley Hill, and 
also at the bed at the base of the Clypeus-grit (C^) at Fawler and 
Bright HUl. The ornamentation of the species is very variable. 
Lycett and Witchcll cite it from the Oolite Marl, and also from the 
various beds of the zone of Ammonifes Farhinsoni in Gloucestershire. 
Trigonia cJajjensis of Terquem and Jourdy*, from the Parkin- 
soni ” zone of the basin of the Moselle, appears to resemble very 
closely some Oxfordshire forms I have classed as varieties of T, 
angulata. According to Lycett T. ela^ensis is a synonym for 
T, Moretoni, 

Trigonia Gutsei, Lyc., ai)pear8 to belong only to the base of C. 
I have a large specimen, measuring three inches in height, found in 
situ in the bottom bed of the Duckpool-Earm cutting, where the 
lower zone of the Inferior Oolite is wanting. This caused Dr. 
Lycett to refer it in error to the ‘‘ lower beds of the formation.^’ 
Its Oxfordshire horizon is in reality that of the Lower Trigonia-grit. 
The species is allied to T, Parkimoni^ Ag., and T, amjvlata, Lyc. 
Mr. Witchell’s specimens, which I think should scarcely bo classed 
with the Oxfordshire shell, are from the Clypeus-grit. 

Trigonia producta, Lyc., finds its home in the Hook-Horton area. 
Though appearing in the Coral bed, it is better shown in a higher 
band of ironshot limestone (no. 22 of my detailed section t), also in 
series C. At the base of the Clypeus-grit (C^) at Fawler, at Bright 
Hill near Long Compton, and in the siliceous limestone of the Tri- 
gonia-bed at Sharpshill it occurs also. Under a modified form it 
again appears at the base of the Fuller’s Earth J in a railway-cutting 
near Bourton-on-tho- Water, Gloucestershire. The test there is 
thinner than that of the Oxfordshire T, jtroduciay and in its ornamen- 
tation as well as contour it approaches T, Painei^ Lyc., an abundant 
shell in the stratum on which the clays of the Fuller’s Earth rest. 

* “ Monograpbie do I’^tage Bathonien dans le d^partement de la Moselle,** par 
O. Ter^em et Jourdy. Mom. Soc. G6ol. do France, 1869. 

t “ On the Eolation of the so-called * Nortliampton Sand’ of North Oxford- 
shire to the Clypeus-grit ’* (Quart. Joura. Geol. Soo, voL xxxix. p. 230). 

J Derived probably from the strat um below. Forms more nearly referable 
to T, 8tU>globosaf Lyc., are there associated with T, Painei, A similar shell 
occurs in series 0 at Hook Horton. 
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The abundance of rolled nodules, covered often by fine colonics 
of Serpuhe, and also pierced by boriuf^ shells, point to a paine in 
sedimentalion prior to the deposition of the clays of the Fuller’s 
Earth. In the south-west of England T, producta is confintMl to 
the Trigonia-grit. 

Tmgonia approaching v-costata, Lyc. — Both T, v-costata and 
T. cenjungem must be catalogued as doubtful species of the North 
Ozfor^hire area. The former is common in the lowest bed of the 
Inferior Oolite at Moulton near Northampton, and is found also in 
the Lincolnshire Limestone of the Midlands. In Yorkshire it occurs 
in the Dogger, and in Gloucestershire in the Oolite Marl and Trigonia- 
grit. T. sharpta'tta, Lyc., with which this species is often associated 
in the Dogger and Northampton Sand, I have failed to recognize in 
Oxfordshire, though in the “ Cynoccphala stage of Yco\il Junction, 
I have collected what appear to be but slightly diverging forms. 

Tkcgonia ardtjenna, 11. & S. — The fragment from Hook Norton, 
figured by Lycett in the last supplement, is, so far, the only record 
of this early Bathonian species of Iligaux and Sauvage. 

Trigonia Lycettii, nov. sp. (PI. I. figs. 1 & 2.) 

Shell ovately trigonal, convex, height of full-sized specimen 
inch, breadth l^inch, width of area inch. Umboncs slightly 
recurved, antero-mesial, anterior bordiT moderately produced and 
curving gracefully with the lower border, hinge-lino straight, length 
rather more than half the h(»ight of the shell and sloping steeply 
downwards ; costae about sixteen, solid and unbroken in the earlier 
stages, cord-Hke on the lower two tliirds of th<‘ valve ; tlio first 
four or five pass with but slight downward curvature over tb(' 
surface, and form knots at the carina, pa^^ing also with slight Y- 
shaped inflexion over the area and somewhat less prominently ovei 
the escutcheon also. The other cost® sw eep downwards, curve vnth 
the lower border, break and are replaced by a few tubercles in the 
middle third of the valve, and then, becoming solid and very mucli 
thickened, pass upwards at a high angle* to the earina, across which 
they (the costas) pass with hold undulation. The area has a slight 
median inflexion or line only, and is crossed everywhere by the 
thick costse which pass over it without inteiTU])tion. There are, 
however, indications of fine costell® at the posterior ]>ari of the 
area. The ante-carinal depression is so pronounced in one specimen 
as to form a double row of nodulations, one row upon the carina 
and another row upon the anterior side of the furrow resembling 
the nodulations of T, ardumna, 11. & H.*, as figured by Messrs. 
Eigaux and Sauvage in their excellent memoir. The escutcheon 
is shallow and lengthened. 

Figure 1 shows the normal and typical form. The other example 
(fig. 2) is almost distinct enough for a varietal name. In it the 

* “ Descr. de quelques esp6co» nouvelles de lV*tnge Biithonien du Bas 
Boulozmais ** par E. Bigaux et E. Sauvage. Mem. Hoc. Acadum. Boulogne, 

1867, vol. iii. pi. iv. fig. 4. 
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costjo are not only much thickened, but pass with slight interruption 
and with strong undulation from the anterior edge of the shell over 
the Carina, where they are much enlarged, and across the area to 
thf‘ postoal border. 

The species is related to Triyonia undulata of Agassiz from 
which it differs in the peculiar irregularity of its ornamentation. 

At Sharpshill quarry near Hook Norton I have found this 
species in a bed of exceedingly hard siliceous limestone of the 
Inferior Oolite crowded with T. signata and yielding also Ammonites 
FarJeinsonu At Hook Norton fragments occur in the same horizon. 
The matrix at Sharpshill is so intractable that it is a matter of the 
greatest difficulty to extract specimens. 

I have named the species Trigonia I/ycettii as a slight tribute to 
the memory of that veteran palaeontologist the late Dr. J. Lycett* 

T. Ltcetth, var. corrtigata. (PL I. fig. 3.) 

The contour of this variety is similar to that of the previously 
described form, fig. 1. The shell, however, is larger, the measure- 
ment being x inches. The costa) are finer and much more 
numerous, about twenty-four, the first five or six only being 
unbroken ; those succeeding them descend steeply from the anterior 
margin, whilst the lowest set, in confused arrangement, curve 
irregularly with the lower border. They are cord-like and knotted 
at the anterior part of the shell, passing into scattered tubercles 
towards the middle (or vanishing), and then, thickening, ascend 
steeply towards the carina in straight or slightly undulating 
tuberculate or plain ridges. An ante-carinal furrow causes the 
costae to wave before passing over the carina. Area concave, covered 
by bold continuations of the costa), which are knotted slightly on the 
carina and parted in the middle of the area by a depressed vertical 
line. 

Locality on-position. — Inferior Oolite, Sharpshill, as before. 

Trigonia conjungens, Phill. — Specimens from beds C, of Hook 
Norton, and from the C1ypeus-grit of Over Norton, seem to justify 
its mention here, though T catalogue the species with considerable 
doubt. It appears in llee&ley's lists f of Hook-Norton fossils together 
with P. Phillipsii, Mor. and Lyc., T. v-scripta &c. 

Trigonia duplicata, Sow., appears only as a badly preserved shell 
inside a valve of T. signata. Its position is probably 2), Hook Norton. 
I have in my cabinet a fine examjde from tlie zone of Am, Parhinsoni 
at Avoncliffe. Lycett quotes it from the Upper Trigonia-grit also. 

Trigonia gemmata, Lyc. The figure in the left-hand comer of 
pi. ii. of supp. no. 2 to the Brit. Trigonia) should both in text and 
plate appear as no. 6, not no. 8. Both it and a pretty little varietal 
form in my collection have been derived from the lower part of 

* M6m. Bur les Trigonies, tab. x. fig. 14-16. 

t “ On the Geology of the Eastern Portion of the Banbury and Cheltenham 
Direct Eailway,*’ by Thomas Beesley, F.O.S. Proo. Geol. Assoc, vol. v. p. 7. 
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aedoB C' «t Hook ^soxton. Its Cottoswold poritiou \s tko Vppet 
Txigama-gnt, 

Trioojqa Beesleyana, Lyc., appars to k> restriotiHl to the «ub- 
E0XI6 of Am, Sowitrhifi at Cooinbo Hill, noar Banljury, wlu’uct* many 
specimens have bmi collccttHl. Tlie k'autiful shell so well deliiicated 
in Lycett’s Brit. Foss. Trigonia\ pi. xvii. fig. 4, has been iu my 
collection for nearly tiftt‘on years. 

Trigoxia costatv, Sow,, begins with a representative* of the 
r. mdj)ta type at the top of series B, and ranges through (' at Hook 
Norton and Otley Hill and through the Clypous-grit in the viirious 
Oxfordshire localities, where it attains a fine development. Wright 
quotes the si)ecies from the zone of .Im. Jitn nsis^ and Etheridge from 
the Lincolnshire Limestone, whilst Lycett gives its Cotteswold stages 
from the Ragstones upwards. 

Trigoxia PULLrs, Sow., api)ears in bed In series (! also at 
Hook Norton many small and a few average-sized s})ecinieiis liave 
been found. Its range tlirough the other beds is deinoiistraled by 
fine local examples from the Stoiiestiebl Slate, the upper zone of the 
Great Oolite, and the Forest Ilarlde ; Lycett gives it from the zone of 
Am. 2IurcJiiso/hf iil)wards. 

Trigoxia bexticulat ^ Ag., langes from C to E, and exhibits, in 
Hook-Norton shells especially, the didicato ornamentation of the 
area in a beautiful state of 2)reservation. In the West of England, 
according to Witehell it begins in (he (’yno('e2)liala-bed8 ” ; other 
lists show that it ai)parently survived through tho Great Oolite 
period. 

Triooxia scvu'ia, L}C., makes its a[>2)earance in well-devclo2)ed 
forms at the top of bed 13 ' at Hook Norton, and in series 0 at Sharps- 
liill is more doubtful!} recognized, associated with (Jcrvilliahvvk &c. 
It ranges through the whole of the Brit ish lnftTior-( lolite zones. 

Trigonia W'ixdoesi, Lyc., lias hitherto been recorded only from C 
of Hook Norton. Young specimens of T. Paiiul, Lyc., from tho 
earthy limestone at tlie base of tin* Fuller's Earth near liourton-on- 
tho-Watcr, come near to this little shell. 

Great Oolite Species. 

Tbiooxia iaipkessa, Sow, Stonesfield Slate, Stonesfield. 

Tbigoxia uxdulvx^, Fromli. Great Oolite (lower zone), Cul worth, 
Northamptonshire, and at Hilton and Tainton Down near Burford, 
Oxon. The Triyonup at Culw ortli are associated with Ostmi Sowerbyi 
and RhyncTionella concinna in some limestone courses which alternate 
with beds of marl. 

Trigonia Moretoxi, Mor. & Lyc. Stonesfield Slate, Stonesfield, 
Great Oolite, Kirtlinf^on, Oxon and Buckingham t, and Forest 
Marble, Islip and Kidlington t. 

J * * Geology of Stroud,’ by E. Witehell, P.G.S., p. 35. Stroud, 18S2. 

t * Geology of the Country round Banbury * &c., by A. H. Green, Mem. GeoL 
Surrey. 
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Tbioonia ptjlltts, Sow. Stonesfleld Slate, Stonesfleld, upper zone, 
Great Oolite, near Banbury, and Forest Marble, near BoUright. 

A beautiful costate species from ibe upper zone of the Great Oolite 
at Capps Lodge, near Burford, furnishes an instance of the difficulty 
of finding names for the whole of the varied forms of the group. Mr, 
W, H. Hudleston, F.B.S., F.G.S., has kindly allowed me to examine a 
specimen more perfect than any in my own cabinet ; and from it 
the following description has been written : — height inch, width 
Ig inch, breadth of area 1 inch, breadth of escutcheon g inch, depth 
of unitedVfilvcs Ig inch. The breadth of the area is thus two thirds 
that of the costated part of the shell. The umbones are pointed and 
recurved. The anterior border is first curved and then slightly 
straightened as it sweeps towards the lower border. The costae, 27 
in number, are prominently elevated with sharp ridges and deep 
interbi)aces, undulating slightly as they curve gently downwards 
and then cross transversely towards the carina. The marginal 
Carina is greatly elevated, in the lower part of the shell as much as 
J inch above the costae ; it is also boldly denticulated. The area is 
divided by a tuberculated median carina in the left valve, with a 
corres]ionding groove in the right valve and a prominent adjacent row 
of Costelloe. It is omamenied by four rows of costellm, which are 
decussated by transverse markings. The escutcheon is ovately cor- 
date and is bounded by prominent tuberculate or denticulate carinae. 
It has a raised cushion-like centre and numerous longitudinal lines. 
The area is concave. 

It differs from T, eloiujata in the want of convexity near the 
carina, and also in its wider form ; the area, however, has much 
similarity. The escutcheon is not that of the ordinary type of 
T, jjxdlu^^ and the area is larger. Though it seems to find a place 
betw'ccn the two species, it wdll suffice for the present to look upon 
it as a variety of T, 

TrkiOnxv Paixei, Lyc., is found in the Great Oolite of Groves 
Quarry, ^Milton, near Burford, thougli it does not there exhibit the 
massive ornamentation of the Inferior-Oolite and FuUer’s-earth forms 
previously mentioned p. 41. 

Tkigoniv, sp. — Height Ig inch, breadth 2 inches. Shell convex. 
Umbo slightly recurved, antero-mesial. Burface covered with about 
twenty bold slightly waved costa?, which cross the shell with but a 
blight curve toward the lower margin. Tho lower seven cost®, when 
about a third of their length distant from the carina, are crossed and 
nearly obliterated by three bold rows of nodulous cost® bearing 
downwards almost vertically from the carina. The area takes up 
about a third of tho shell and is convex posteriorly. Anteriorly the 
strong cost® cross the area, but appear to pass into fewer stri® in 
tho lower half of tho shell. It is so much like the shell figured by 
Morris and Lycett on tab. v. pt. ii, of their ‘ Monograph of the 
MoUusca from tho Great Oolite,’ as T, GoMfussi (subsequently 
altered to T, Painei\ that for the present it seems best to let the 
species pass with this reference. 
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form I have referred to T, claihrata^ Ag., but differing in the curva- 
ture and absence of undulation in the rows of costae. It varies 
from Lycett^s definition principally in the fewer rows of costae. 


EXPLANATION OF PLATE I. 

Fig. 1. Trigonia Lycciti. Inferior Oolite, Sharpshill, near Hook Norton. 

2. (example with solid costce). Same locality. 

3. var. eorrugaia. Same locality. 

JC yrthampfonensis. Upper Lias> Moulton, near Northampton. 

5, 6. — . Same locality. 

7. ' — (specimen without transverse costfe). Same locality. 


Discxtsstont. 

Prof. Judd expressed his sense of the great value of Mr. Wolford’s 
work in showing the relations of the several divisions of the Infe- 
rior Oolite of Oxfordshire as compared with the beds of the same 
age in South Northampton shire and in Gloucestershire. 

Dr. Woodward hoped that Mr. Wolford’s studies would enable us 
to distinguish which of the forms described bj" Dr. Lycett should be 
regarded as species and varieties respectively. He suggested that 
the difficulties might to some extent be got over by employing a 
trinomial nomenclature. 

Prof. Heeley pointed out the importance of defining the range in 
time of fossil species with a view to fixing the geographical distri- 
bution. The varieties of one district become representative species 
in other countries. 

Mr. H. B, Woodward thought that some of the difficulties in cor- 
relating subdivisions of the rocks would bo removed if the strati- 
graphical evidence were attended to as well as the palaeontological. 

The Author agreed with Dr. Woodward in thinking that many 
of the species of Dr. Lycett must bo grouped as varieties. The 
lithological evidence, to some extent, bears out the palseontolo- 
gical evidence as to the relationshij) of the Fawler and Hook- 
Norton strata. 
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PROP. E. W. CLATPOLE ON PTERASPIDIAN PISH IN 


8. On the recent Discovert of Pteraspidian Fish in the Upper 

Silurian Eocks of North America. By Prof. E. W. Clatpole, 

B.A., B.Sc. (Lond.), F.G.S., Buchtel College, Akron, Ohio. (Read 

December 17, 1884.) 

The fossils which form the subject of this paper possess consider- 
able interest to the palaiontologist for throe reasons : — 

1 . They are the only forms of the hind yet announced from the 
Western Continent. 

2. They are the first authentic fish-fossils yet found in the 
Silurian rocks of America, all previously-reported discoveries of a 
similar nature having proved erroneous in consequence of zoological 
or stratigraphical errors. 

3. Some of them are the oldest fish and, consequently, the oldest 
vertebrates yet discovered in any j^art of the world, with the possible 
exception of Pander’s “ Conodonts,” which are, however, not 
generally received into the class of Fislu‘s. 

The oldest fish-remains already known from this continent are 
those of the Corniferoiis Limestone of Ohio and of the Lower 
Devonian, near the mouth of the Gulf of St. Lawrence, in Canada. 
Palaeontological ly. the latter of these a])pears to be the earlier. The 
Comiferous Limestone of Ohio yields MncrifjieUtlicliihys^ Dinichthys. 
Onychodns^ and allied forms, with a single specimen attributed to 
Ooccostens; but the Canadian beds contJiiu Coccosteus^ Cephalaspis^ 
and Ctenacanthns^ or a form assigned to that genus. 

These, however, are all Devonian fo'^sils, and need not detain us 
longer. No Silurian fish have yet been obtained in America. 

Galicia has yielded at least one species from rocks considered to 
be Upper Silurian, the nature of nhich justifies the age assigned to 
it. This was the specimen upon which Dr. Kncr, in 1 847, based 
his memoir establishing the genus Ptermjds, He considered it the 
internal bone of a Ccj)halopod ; but later writers have controv(‘rted 
his opinion, and consider the fossil a genuine fish. Prof. Lankester 
has named it Scajyhaspis Knerl, 

But the fish-fauna which for extent and antiquity claims the 
first place is that of the English Ludlow rocks. The ‘‘ Bone-bed 
of the Upper Ludlow has peldcd two distinct forms besides frag- 
ments indicating others, and of one of these forms a single specimen 
has been obtained from the T.ower Ludlow, a fact which, as Prof, 
Lankester remarks, enormously increases its ago. 

Of these Ludlow fossils, one kind consists of small spines with 
fluted surfaces, resembling those borne by Selachian or Siluroid 
fish. To one of these classes they were accordingly attributed by 
Agassiz, under the names of Onchvs ^lurchkonl and 0, tennietriatus, 
Similar forms occur in Pennsylvania ; these I propose to call Onchus 
pennsyJvanicus (see fig. 5, p. 01). 
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The reference of these spines to Selachians or Siluroids may 
prove unfounded, and it is quite possible that when we know all 
the details concerning the fossils next mentioned, the two may 
prove to belong to the same species. 

It is right to remark here that some of these fossil spines from 
the English Ludlow rocks have been regarded by some geologists 
as of Crustacean origin. However this may be, the Pennsylvanian 
specimens show no such affinity, but in their rounded flutings much 
more closely resemble genuine fin-spines or ichthyodorulites. 

The second and more abundant kind of these Ludlow fossils, 
though now, by general consent, admitted to the class of fishes, is 
so strange in form and structure, and so aberrant from the usual 
type, that its riglit to that rank has been doubted and denied. The 
specimens are oval, thin shields or xfiates, folded in at the sides, and 
with a curved surface. They measure only a few inches in length, 
and formed the cephalothoracic covering of the animal, the rest of 
whose body was soft and unprotected, or, at most, only covered with 
scales. 

The study of these i:)eculiar forms has been undertaken by Professors 
Huxley and llay Lankester. The former has published his results 
in the Journal of the Geological Society (1858), and the latter in 
the Memoirs of the Pfilseontographical Society (18G7 and 1869). 
The former has dealt chiefiy with the microscopic structure, and the 
latter with the outward form. 

Postponing for the present further detail on this point, I will 
only remark that I have no intention here of asserting or defending 
the claim of these Ludlow fossils to the name of fishes. The authors 
just cited have done this in no uncertain manner. 

Says the former, “ Leaving Prof. Pander’s ‘ Oonodonts ’ out of the 
question, CipJialufipis and Phraspis arc among the oldest, if they 
arc not the very oldest, of known fishes.” 

Again, ‘‘ Ko one can, 1 think, hesitate in placing Pteraspia 
among fishes. So far from having no parallel among fishes, it 
has absolutely no parallel in any other division of the animal 
kingdom ” *. 

If any doubt remained in regard to the zoological position of 
these fossils, it has since been removed by the finding of a single 
specimen showing a few scales attached to the matrix behind the 
cephalotlioracic shield. This unique and invaluable specimen has 
been figured by Professor Lankester in his monograph. 

Assuming, therefore, as proved, the ichthyic nature of these 
English Silurian fossils, I propose in the first place to offer proof 
that the Ih'nnsylvanian specimens belong to the same family as the 
Ludlow Pterasjns, and, in the second, to show that the strata in 
which they occur are as low as any which have hitherto yielded 
fish-remains in any part of the world. 

* Though Prof. Huxley's opinion is perfectly obvious, yet the meaning of 
this expression is doubtful. It is true that tlie structure in question has no 
parallel in any other division of the animal kingdom, but it is equally true, aa 
\»ill appear later, that it has no parallel among fishes. 

Q.J.G.8. No.161. E 
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1. The close Zoological Affinity of the Fossils.'" 

In entering upon this part of my subject, both duty and pleasure 
make it just to express my thanks to several friends for the very 
kind assistance which they have afforded mo in obtaining specimens 
of the English fossils for comparison. In the first place my thanks 
are duo to my old and valued friend C. W. Peach, Esq., of Edin- 
burgh, for offering me specimens of Pteraspis, collected by himself 
many years ago in Cornwall, and of Cej)haJ(fspis, from the cabinet 
of J. Powrie, Esq.. In the second place, 1 must express my in- 
debtedness to my fiiend and former pu])il, Mr. T. IStock, of the 
Museum of Science and Art, Edinburgh, and to JMr. B. Peach, 
of the Geological Survey of Scotland, for obtaining and forwarding 
these and some other material of which I liad need. Without their 
kind aid this part of the subject could n()t have been made complete. 

It is scarcely necessary to dwell long upon ihe outward form and 
appearance ot the fossils ; they closely resemble the Ijiidlow species 
in these respects, being oval in shaj)c and having a curved surface 
marked with a delicate strhition (figs. 7 cV ]>p. (>2, But the 

details are diffcTent in several points. 1 have seen no indications 
of the medial posterior spine which terminates the shield of some 
of the Ludlow forms : the st nation of the surface also shows marked 
distinction. Instead of ffowing, as repre&cnled in IVof. Lankester s 
monograph, concontricalh round an excentric point, like that on 
the shell of a Llngf/la or a Dlsrina^ it is very irregular. Generally 
speaking, several lines run round the margin, curving sharply 
inwards at a point which })rol)ably indicates the orbit. Prom these 
lines others radiate very irregularly towards one or .several centres, 
sweeping over the surface, separating and anastomosing, and form- 
ing a beautiful and delicate tracery quite distinct from anything 
represented on Prof. Lankester’s figures (see fig. 7). 

Professor Lankester has scjyarated the fossils which form the subject 
of his memoir into three divisions, based on the nuiuher of pieces of 
which the shield consists. These diy isions are : — 

1. Scaphaspi^, Scutum simplex, ovale. 

2. (*yathaspi$. Scutum in quatuor partes divisnra, ovale. 

B. Pteraspis. Scutum in septem partes divisum, sagittiforme. 

Of these three, Scaphaspis is the oldest and simplcfli form, and, 
with one doubtful exception, is the only one yet obtained from the 
English Silurian rocks. It is quite in harmony with these facts 
that the same form .should prevail among the IVnn.sylvanian fossils. 
Most of them consist of a single pi(‘co, but some j) resent appearances 
which suggest the probability that they possessed other plates in 
front and laterally. If this prove to be the case, they will approach 
the genus Cyathaspis of Lankester. 

In regard to the microscopic structure of these fossils and their 
resemblances and differences as compared with those of the English 
Ludlow rocks, I must confess my indebtedness to the figures of 
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Prof. Huxley in the Quarterly Journal (1858)* Prof. Lankester 
has added little upon this subject*. 

Prof. Huxley describes the shield of Pteraspis {Scaphaspis) Lloydii 
as consisting of four distinct layers, which ho describes thus (Z. c. 
p. 275) 

“ The total thickness of the section is about of an inch, and 
of this amount about TTt>- of an inch is occupied by the inner layer. 

Pig. 1. — Yertical Section of (he Shield o/Pteraspis. 
(Magnified 100 diameters.) 

[Copied from Prof. Huxley’s figure, Q. J. G. S. toI. xiv. pi. xv. fig. 1.] 



1 


a. “ Enamel ’’-ridges forming the outer layer. h, Reticular layer, 
c, d. Middle and inner substances. 

e. Cavity filled with matrix, one of the supposed “ ossicles.” 

/. Vascular canal. g. Matrix. 

^ Prof. Huxley’s first figure is referred to in his paper as of Pieraspis (Sca^ 
phaapis) Lloydii^ but Prof. Lankester in reproducing it, writes of it, probably by 
oversight, as Pteraspia rostratus, 
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Y^T of Mich by the second layer, of an inch by the next, 
and by the outermost layer (fig. 1).’^ 

The outer layer (a) appears to consist of a series of papillary ele- 
vations which have a broad free end, and are attached by narrow 
bases, so that a triangular interspace with its a])ox outwards is left 
between every pair of elevations. The matrix filling these inter- 
spaces, and for some distance in the immediate vicinity of the outer 
surface, is much darker than elsewhere, and has a deep brown hue. 
The attached ends of the elevations i)a88 into a whitish substance, 
which, under this power, looks similar to th(‘ir own. It is tra- 
versed by many reddish canals, which send diverticula into the eleva- 
tions (h) At inteiwals of about y^yth to j-}-oth of an inch or 

thereabouts, thin septiform processes arc given off from the reiicular 
layer, and pass perpendicularly inwards to the inner layer ; they 
thus subdivide the second layer into a series of irregularly quadrate 
spaces, corresponding with the prisms seen in the superficial view. 

“ The inner layer is, like the rest, whitish, and is traversed parallel 
with its surface by four or five much whiter streaks, so that it ap- 
pears to be composed of only a corres])onding number of lamellae ; 
but on allowing the light to pass through the section, it is at once 
obvious that each of these apparent lamella? is in reality made up of 
many of tlie primitive lamina? which constitute the inner layer, and 
that the bright and dull white streaks are due entirely to a differ- 
ence of texture or composition in the successive groups of lamina?.” 

The resemblance between ScajJtasph IJoi/dii and the Ponnsyl- 
vanian fossils can readily be seen on reading the following descrip- 
tion of the hitter. 

The shield of these fossils consists of ihrei* distinct layers, inner, 
middle, and outer (see figs. 2-4, p. r)4). The inner layer (o) consists 
of material in which I have been unable to detect any appearance of 
organization, unless a delicate lamination can be so called, of which 
I have occasionally seen traces. The thickness of this layer varies 
conbidcrably, but is usually about vij inch, or from /j to ^ of 
the total thickness of the shield. It forms the floor on which the 
lest of the structure is built up, and consequently linos the whole 
concave side of the fossil. It shows a very faint tinge of yellow in 
almost all my specimens. Scattered over it, apparenil}' without any 
regularity, arc a number of minute circular openings which formed 
a means of communication between the body of the anim«‘il and the 
substance of the shield, and through w'hich, we may infer, passed 
the organs of sensation and nutrition, or at least th(» latter. Some 
of these openings penetrate this basal layer, and enter the cavities 
of the cells presently to be noticed, while others i>iorcc it oi)po8ite 
the walls, and continue their course for some distance in them, 
before or without communicating with the cdls. These openings 
pass through the basal layer almost or quite at right angles, but in 
most cases a small deviation may be noticed. They are about 
of an inch in diameter, but may be distinctly seen and counted with 
the help of a hand lens ; among them are a few of smaller size. 
Bdth surfaces of this layer are uneven, and by this means the varia- 
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tion in thickness above mentioned is produced. In almost aU 
specimens the upper surface shows adhering reddish or yeliowish 
matter, from which it is difficult to free it. This matter is doubtless 
a portion of the crystalliuc substance filling the cells of the next layer. 

Some have used the term “ enamel ’’ in writing of this layer, but 
I have been quite unable to see any trace of that structure in it. 
Instead of prisms it rather appears to be stratified, so that the term 
“ nacreous,” applied to Ptemsjyis by Prof. Huxley, would more accu- 
rately describe it. There is, however, no appearance of the pearly 
lustre that characterizes true nacre. 

The second layer (b) forms the thickest portion of the shield, and 
may be termed the cellular layer. It consists of a number of cells 
formed by party walls of a material resembling in ajjpearance that 
composing the basal laj er. These cells have no constant outline, 
but for the most part have 4, 5, or 0 sides. Nor have they one size, 
the larger being as much as of an inch in their longest dimensions, 
while others measure less than a fourth of this. In shape too they 
range from nearly s(juare to oblong and hexagonal. The walls that 
form them are ecjually variable in size, ranging from to -j of 
an inch in thickness. The angles of these cells are rounded, the 
partitions being thicker there than elsewhere. The walls stand lor 
the most part vertically, or nearl} so, on the basal layer, and suj;)- 
port on their other ends the third layer next to be described. As 
already mentioned, some of the cirenJar vessels enter them, and re- 
main in them for some distance, perhaps through their whole 
height ; others lie partially in the cell-wall, and partially in the coll. 

The height of the walls, and consequent!} the thickness of the second 
la}er of the shield is about five times that of the basal layer, or about 
J-jj of an inch. The cells are filled with infiltrated calcareous matter, 
which under the a(*lion of the weather is dissolved out, leaving 
an exceedingly brittle cellular mass to represent the original shield. 

The third layer (c) deseiTCs the name of the vascular layer, con- 
taining as it does a ])erfect s}stem of vessels imbedded in its sub- 
stance. This substance is the same in appearance as that which 
composes the basal and cellular layers, and is continuous vdth them. 
Instead, however, of being solid, or nearly so, it is traversed by 
vessels, the i)resence of which enables us to divide it into two por- 
tions. The first and lowest of thi'se lies immediately over the 
covering layer of tlio cells, and contains a set of large vessels running 
parallel wdtli the stria tion of the outer surface (fig. 4). The diameter 
of these vessels is equal to the thickness of the covering and basal 
layers, or about ^ of an inch. They are perfectly even in outline, 
but retain approximately the same diameter, as far as I have traced 
them. These vessels communicate with the cells through openings 
in their covering layer, a])pareiitly forming in this way a connexion 
with every cell over wliich tlioy pass. 

They likewise communicate by short branches of about half their 
own diameter, and tapering toward their outer ends, with another 
set of vessels or channels running parallel with and between them, 
of somewhat smaller calibre and more regular margin, lying slightly 
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abopo fehem in the upper division of the vascular layer, and below 
the minute channels of the upper and outer surface, with which 
they are apparently continuous. Those highest causes, to which 
possibly the term furrows would bo more applicable, have no 
branches or outlets, so far as I have been able to determine, except 
tbe passages just mentioned, nearly as wide as themselves, whereby 
communication is effected with the vessels lying below them, and 
already described, lioth may bo readily seen sectionally and loiigi- 
tudinaily by cutting thin slices of the shield in the proper direction 
(see figs. 2, 3, 4). 


Figs. 2-4 . — Sections of the Skidd o/ Palaoaspis. 
Fig. 4. Fig. 2. 



Fig 2. Vertical longitudinal pection slio>^ing {a) bas.il la\cr (/>) cellular layer, 
(c) Tascular la^er, (*) lower portion, ujiju r or lubuLir portion 
Fig. 3. Vertical tran8\erse portion, sliowing (a) basal lauT , {tj) cellular layer ; 

(c) vascular bner, (’) lower, (*■) upper poition 
Fig. 4. Horizontal eeetion tlirough vascular la\er of sliield, showing the lower 
branching vessels, the upper vessels or chaimclrt, and the tubules (seen 
from below). 

Lastly, there yet remains to be dchcribcd the mobt remarkable 
part of this outer or upper vascular layer, '^lo this I have given 
the name of the tubular division. From the larger and lower of the 
two sets of vessels just described and from its u])pcr wde there issue 
a vast number of minute tubules which branch and run to right and 
left, and upward from the parent vessel, forming a minute and beau- 
tiful forest-like growth. Filled as they are with opaijue matter 
they stand out distinctly, like dendrites on marble, on the light yel- 
low surface of the material of tbe vascular layer. They do not form 
any connexion with the large channels or furrows lying to right 


THB 1TPPEB SILUBIAB OP KOBTH AllEBlCA. 


55 


and left of them, but all direct their course more or less obliquely to 
the upper, outer surface, where their finest branches detail out and 
end. They perhaps form a communication with the outside ; but I 
have not been able to see their terminations. In some sections it 
appears as though an extremely thin transparent layer existed, 
covering and sheathing the whole, but of this I am not absolutely 
certain. 

The agreement between the above description and Prof. Huxley’s 
account of Scaphaspis Lloydli is so close that no reasonable doubt 
can be entertained regarding their close relationship. At the same 
time certain distinctions exist which, considered in addition to those 
of external form and markings, have prevented my placing it in the 
same genus. 

Judging from Prof. Huxley’s figures, and the examination 
which I have been able to make of the structure of the English 
Scaphas 2 >i% the vessels in the rHicuIar layer pursue a very irregular 
course ; hence this name. This is not the case in the fossils under 
consideration. Their vascular system (fig. 4) exhibits a regularity 
and parallelism of which the figures of Scaphas 2 )ls afibrd no trace. 
This alone instantly differentiates the two. Moreover, the beautiful 
forest-like appearance of the tubules radiating from the vessels is 
much more marked in con.se(iuence of this regularity than in the 
engraving of ScapJiaspis. Lastly, I have seen no trace of the 
crcnulation on tho edge of the superficial striae of which Professor 
Lankestcr makes mention. 

These, with some minor considerations, induce me for the pre- 
sent to refrain from placing these Pennsylvanian fossils in any of 
Lankester’s genera, and I propose therefore to refer them to a new 
provisional genus to which 1 have given the name Pal^ba-spis*. 

Another point must not be omitted, because it forms to the anato- 
mist one of the most remarkable features in the structure of these 
shields. In none of tliem, either English or American, has any 
trace been discovered of true osseous tissues. The bone-cclls or 
lacump, and tho tubules or rinialiculi connecting them are totally 
absent, unless the minute tubular system above described be con- 
sidered rej)resentativt‘ of the latter. This remarkable fact was one 
of the chief, perhaps the chief objection to admitting the claim of 
these fossils to a jJace among the Yertebrata. But the objection has 
been overruled, and consequently tho line se])arating the Vertebrates 
from the Invertebrates rendered to that extent less distinct. 

Professor Lankester has, in liis monograph, established tlie sub- 
family “Hetorostraci'’ to receive those forms devoid of true bony tissue. 
He has thus divided Huxley’s family of Cepbalaspids into two parts, 
retaining in the higher of these (the “ Ostoostraci ”) all those forms 
which, like CtphaJaspis, possess bone-cells and tubules {lacimtv and 
canaliculi), 

ISo profound an anatomical distinction merits, it appears to me, 

* The name GJyp1aspi»\m9 appeared by overalglit in ouc or two preliminary 
notices in magazines in referonro to these fossils. Its occurrence was accidental, 
and it must therefore be considered merely a synonym. 
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more marked recognition than this from the systematist. It differ- 
entiates the animals of this gronp from all the rest of the Vertebrata 
possessing a hard skeleton. It may or may not be an indication of 
approximation to lower and older forms. But in either case so 
marked and significant a feature in the structure can scarcely 
be satisfied with subfamiliar distinction in the classification. I 
therefore propose to raise these aberrant forms, the number of which 
is increasing, into a distinct family under the name of Pterasj)idians 
(Pteraspidic), and to limit the name Cephalaspida 3 of Professor Huxley 
to the forms composing Professor Lankestor’s group of Osteostracans. 

2. T/ie StratvjrapMcal Horizon of Palaeaspis. 

In the coiTclation of the Pennsjlvanian strata liero concerned 
\idth those of England, there is fortunately little difficulty in estab- 
lishing certain definite horizons in both, which from a i)aheontological 
point of view may be regarded as ecpiivalents. As may be seen in 
the table (p. 50), the English Lower Ludlow lies on th(‘ horizon of the 
Water Lime of Pennsy lvania and Xew York. This correlation rests 
mainly on the j)resenc<‘ and fii-st appearance in both of huge Crus- 
taceans of the ty])es of lutrtfjtti^rus and Ptenffotm. On both sides of 
the Atlantic this horizon is especially characterizc'd by these forms. 
On both sides they suddenly attain in this stratum very great pro- 
minence. and from if they rise into higher, but are scarely known in 
lower beds. 

The Lower Ludlow contains the oldest vertebrate fossil yet known, 
the single s])ecimcn of Scophtspis htdntsis found in The 

Water Lime of Middle Pennsylvania ha^ yielded no remains of fish, 
and it lies about 300 fet*t below the place of the locally absent 
Corniferous Limestone, the loyvest American fish-bearing horizon. 
Below the Water Lime lies the great mass of coloured shale forming 
the medial part of the fifth group of Bogers((i(‘ol. Survey of Penns.). 
This is divided in Middle Penns}lvania as follows : — 


iect. 

The Grey Shale 200 

The Varieaatcd Shale 70() 

The Hod Shale 70<) 


At the top of tlie second division lie some thin beds of y ariegated 
Sandstone yvbich I have named ‘‘ The Bloomfield Sandstone.” In 
this bed were found the fossils hen* described. II is exposed near 
Xew Bloomfield, Perry C’o., Pennsylvania. 

In a j)aiM*r recently read be fore tin* American Philosojhical Society 
and j>rinted in their Proceedings for IS.'* 4, 1 have discussed the evi- 
dence for the age of the ‘‘ Fifth group” of Periusy Ivania. Space 
will not allow the reproduction of the argument here, but. in that 
tract I have shown that the shales abo/e mentioned are the r'cjuivalont 
(^r, rather, the continuation of the Onondaga Shale of New York, a 
series immediately underlying the Water Lime. 

On this view of the correlation of the English and American 
strata, the Onondaga Salt group has no ecjuivalent in England. It 
is so represented by Sir 11. Murchison (Siluria, p. 472), who in this 
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place quotes from Sir A. Kamsay. The Ludlow rocks are considered 
by these writers as the correlates of the lower part only of the 
Lower Helderberg (Water Lime) of Ifew York, leaving the upper 
portion of the Lower Helderberg also without any English equiva- 
lent. In both these respects the views of Professor James Hall 
coincide with those above stated. In the ‘Palseontology of New York ’ 
(vol. iii. p. 34) he writes : — 

“ Since the presence of Earypteriis is regarded as marking the 
uppermost strata of the Silurian system of Great Britain, our Lower 
Helderberg group constitutes a series of strata not recognized and 
probably not existing in the British Isles.’’ 

Professor Hall then gives the following table illustrating his views 
on the correlation of these beds : — 

New York. Great Britain. 

Lower Helderberg. 

Water Lime. Lesmahago Beds. 

Onondaga Salt Group. 

Niiigara Group, Wenlock Limestone. 

The inference is reasonable that these Pennsylvanian Pteraspids 
are older than the Scaphasjns ludensis of England, by the time re- 
quired for the deposition of 2o0 feet of strata. 

To avoid rcturiiing to this subject, I will here add that the English 
Wenlock group is placed on the horizon of the American Niagara 
on evidence which has never, so far as I know, been disputed. Sir 
11. Murchibon wrote in 1 859 (Siluria, p. 490) : — 

“The Niagara shales in all respects resemble the well-known 
Wenlock shale of Britain ; whilst the chief or central mass of the 
Upper Silurian rocks in North America is that called the Niagara 
limestone, which unquestionably represents the Wenlock and Dud- 
ley limestones of England as well as of Gothland in the Baltic. 
These rocks ap])cur to contain a greater number of fossils identical 
with those of Europe, than do the Lower Silurian strata of the same 
districts ; ’’ among them are the following : — 

List of Fossils common to the American Niagara and the English 
Wenlock Linn stone, 

Oalymene Bluiuenbac’hii, Brongn.^ Orthis liybrida, Sby, 
now C. niagaronsis. Hall. 

Homalonotua delplunoceplialus, Orthoccras annulatum, Shy, 

Green. 

Bumastua barriensis, Miirch.y now Eucalyptocrinua decorus, Phill. 
Illaenua Toxua, Hall. 

Rhynchouella cunoata, Hally now ? Bellerophon dilatatus, Shy, 
BhynchotreLji oiineata, var. 
americana. 

Rbynchonella Wilsoni, Shy. Favositea gothlandicus, Lam, 

? PentameruH galeatus, Balm. Favositea alveoliiris, Be BlainviUe, 

Orthis elegantula, Balm. Halysites catenulatus, Linn, 

Excluding two species from the list, for the presence of which in 
the Niagara I can find no evidence, and considering the close resem- 
blance of the three that now pass under other names, wo have twelve 
species common to the two groups. Their equivalence admits of no 
question. 
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Tram of Fish in the Onondaga Bed Shale* 

About 1000 feet lower in the Onondap:a group I have found two 
or three thin beds containing comminuted scales. They are asso- 
ciated with other bods containing in abundance Ltperdhia alia* 
They are so thin and fragmentary that I have been unable to make 
a complete examination of them. Tliey consist, so far as 1 have 
determined their structure, of homogeneous material dostituU* of 
bone-cells and canalieulcs, but resembling in all respci'ts the solid 
layer of Palceaspis, From their condition and the appearance of 
the rock, I have been sometime's inclined to consider them coprolitic 
in origin. In any case they carry back the existence of hsh by an 
interval represented by about 10(H> feet of strata. 

Traces of Fish in the Iron Sandsfone, 

Nor is this quite the whole. Underlying the lied shale by about 
350 feet, and consecjnently about 7o0 feet below the relics last 
mentioned, is the Iron Sandstone, a bed of hard coarse material, the 
position of which 1 have determined (in the paper already referred 
to) near the middle of the Clinton group, and at least 000 feet below 
the Ore Sand-rock, a well-known horizon in Pennsylvania, containing 
numerous Clinton fossils, for example — 

Beyrichia lata, Vanuxem. 

Ornioceras vertebral um, Hall. 

Calymene Cliiitoni, Vanuxem. 

Its horizon is consequently beyond dispute. 

In this sandstone I have found a thin layer closely packed with 
broken plates somewhat similar to those last mentioned, but in better 
condition. They are very thin, but almost every well-preserved 
fragment shows a superficial striation closely resembling that of 
Faheaspis, Accompanying them are a few fine spines much like 
those above described under the name 0. pCHnsylvaaicus, For these 
I propose the name Otuhns clinfoni (p. 01, fig. 0). 

Besides the actual relics of fish already mentioned from the Iron 
Sandstone, the bed is charged with small >vhite pellets about as 
large as peas. An examination of oii(‘ of tlmsc by Mr. A. S. 
M^’Creath, Chemist to the Pennsylvania Survey, gave the following 
result ; — 

Partial Analysis of the White Specl's ” in Iron Sandstone* 


Phosphorus (V47H 

Kepreaenting Phosphoric Acid 1*4 *87)7 

Phosphate of Lime 


I infer therefore the coprolitic nature of these pellets, and tho 
evidence thus obtained is confirmatory of the statements already 
made. 

An examination of the appended Table of strata (p. 51)) will sum- 
marize to the eye the results here given, and will bear out the 
assertion made at tho outset that wo now have evidence of tho ex- 
istence of fish in Pennsylvania at an earlier date than in any other 
part of the world (Conodonts of Pander excepted). 



The beds that have yielded fish-fossils are marked by Italic letters. 
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Lower Llandovery. 

Ilf 

1 ^ IH 
1 1=3 S* 

I* 

*■ ’ 

Wenlock. 


Lower Lvdlxm. 

! 

1 

Lower Old Bed Sandstone. 
Comstones. Tilestones 
(Ledbury). 

Pavingstone (Forfar). 
Slates (Cornwall). 

Great Britain. 

Medina and Oneida. Medin.i and Oneida. 

Clinton. Clinton. 

Upper Green Shale. t Upper Green Shale. 

Limestone and ore. Sandstone and ore. 

Lower Green Shale. 1 Lower Green Shale. 

Niagara. 

Onondaga. 1 

Gypseous Marl. I Grey Shale. 

Variegated Marl. Variegated Shale, \ 

Eed Shale. ' Fed Shale. 

Water Lime. 1 Water Lime. j 

1 

Lower Helderberg. | Lower Helderberg. 

Corniferoits Limestone. 

Oriskany Sandstone. 

New York. 

Oriskany Sandstone. 

Middle Pennsylvania. 
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Correlation of the Lowest Fish-hearing Strata in England and North America. 
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Appendix. 

Formtr reported Discorenes of Fish •remains in American 
Silurian Mocks. 

The discovery of fossil fisli in Silurian rocks of Xorih America 
has been announced on several former occasions ; but in every case 
investigation has shown some mistake. 

Dr. Newberry, in bis “ Monogra])h on Fossil Fishes in the 
* Palaeontology of Ohio' (vol. i.), has alluded to four such instances, 
and says that these arc all that have come to his knowledge. They 
are the following : — 

1. In the second volume of the ‘Paleontology of New York' Prof. 
Hall described and figured a large spine under the name of Onchus 
Deivii, from the Niagara group of Loekport, N.Y. This is now, how- 
ever, admitted to be a s])ine of a Crustacean. In the siiiiie place 
Professor Hall alludes (without figuring them) to other species from 
the Shaly Limestone of the Lower JIe]d(Tl)erg and from the Clinton 
group. What these were I do not know, but presume that they 
proved to be of a similar nature * . 

2. Hugh Miller, in bih ‘Footpiints of the Creator,’ p. 14ii, 
copying from the ‘ Amencan Journal of Science,’ 2nd sor. vol. i. 
p. 62, gives a figure of a large fin-s])iiie said to have been found in 
the Onondaga Salt group. It has b(‘en prov('d to be a specimen of 
Ma€h(pracanfhifs luajor from the Onondaga Limestone of the Corni- 
ferous group. 

3. Messrs. Norwood and Owen, in the ‘American Journal of 
Science,' 2nd ser. vol, i. ]). 367, described a new fossil fish from the 
Upper Silurian rocks of Indiana, and the error has been copied 
several times by other writers. It wjis a head of Mucrojictalichthys 
from the Corniferous Limestone. 

4. Dr. Newberry, (luoting Sir Charles Lyell (‘Travels in North 
America,’ 1842, vol. ii. p. 37), says that Sir Charles was informed 
by Professor H. D. Itogers that he and his brother “ had traced the 
scales of fishes through strata of Clinton age from the south-western 
part of Virginia to tlie north branch of the Susquehanna in Penn- 
sylvania.” In the light of the facts recorded in the preceding paper 
this is a somewhat remarkable Htatement ; but in the ‘ Geology of 
Pennsylvania,’ vol. ii. j). <S24, Professor Ilogers writes : — 

The earliest date at which actual fishes appean*d in the Appa- 
lachian or Paheozoic seas of North America wiis that of the Post- 
meridian strata, numerous specimens of the ganoid class having been 
recently found in the upj)er Clift' oi Corniferous limestone of Ohio. 

* In this connexion a Hither singular and surprising stati'mont may be 
noticed. Prof. Hall says {1. c. 1852) : — “Tn England we haTe ponitivo evidence 
of the existence of fish-reniainB in slrata (jf the age of mir Trenton limestone and 
fludson-river groups.’' It is hardly necessary to add that this statement must 
rest on some misconception and tliat no foundation for it has ever existed. 
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This rock is very nearly on the horizon of the lowest Devonian of 
Europe, in which corresponding ichthyic remains are well known/’ 

Professor Rogers goes even further and adds, “ It must be enun- 
ciated as a general fact that hitherto no traces have been discovered of 
any vertebrate animal whatsoever during all those earlier Palseozoic 
ages which are embraced in the Cambrian and Silurian periods of the 
English geologists, or the equivalent Primal, Auroral, Matinal, 
Levant, t^urgent, and Scalent periods according to the nomenclature 
of the Pennsylvania Survey 

To reconcile these quotations is difficult. Professor Rogers could 
not well have forgotten seeing fish-scales in the Scalent and Surgent 
groups had he really done so. Such forgetfulness would be especially 
difficult to one who believed that even in Europe no fish-remains of 
that date were known. Sir Charles L} ell’s character for accuracy is 
too well known to need assertion . It is possilfie that Professor Rogers 
saw the scales, for they were there. It is also possible that Sir C. 
Lyell’s memory was at fault. Altogether it is a rather singular 
example of divergence between the statements of two eminent 
geologists. 

Description of the Species, 

Oncuus pennbtlvanicus, sp. n. (Eig. 5.) 

Spine, when complete, about half an inch long, with a diameter 
at base of about one eighth of an inch, very slightly curved and con- 
sisting of an inner core (perhaps only composed of material filling 
an original cavity) and an outer sheath. The outer portion shows 
a fluted surface, with eight ridges in the quarter of the circumference 
which is visible ; ridges rounded, their height being about half their 
breadth ; the furrows between them acute at base and formed merely 
by the edges of the two ridges without any breadth. 

Localitg and horizon. Perry county, Pennsylvania, in the Bloom- 
field Sandstone or uppermost member of the Onondaga Variegated 
Shales. 

Fig. 5. — Onchus pennsylvani- Fig. 6, — Onchus clintoni. 

cus, showing Jiated surf act 
and core. 



Onchus clintoni, sp. n. (Fig. 6.) 

Spine slightly curved, the part visible about half an inch long and 
showing on the one side 5 rounded low ridges meeting each other 

* This statement appeared in 18 o 8 . 
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'without intervening spaces ; furrows between ridges consequently 
angular. Diameter at base about one eighth of an inch. 

Horizon and locality. Clinton group, Iron-sandstone, Perry co., 
Pennsylvania. 


PALiKASnS, g. n. 

The genus has been sufficiently described in the body of the paper. 
Fig. 7 . — Outline of Shield o/Pala^aspis americana. (Nat. size.) 



The striation is shown only over a part of tJie shield, but extends really 
o\er all. 


Paljeaspis americaka, sp. n. (Fig. 7.) 

Shield elliptical in outline, truncate at one end, convex on upper 
surface, between two and three inches long; lateral edges rolling in 
under the upper surface ; thickness not exce(‘ding inch over its 
whole extent. Upper surface covered with a tracery consisting of 
fine, delicate, flowing, depressed lines branching and anastomosing, 
but in general keeping directions rudely parallel, often abruptly 
curving near the end from both sides towards the medial line, where 
they terminate without ending in a spine. 

Locality and horizon. Perry county, Pennsylvania, in the Bloom- 
field Sandstone or uppermost member of the Onondaga Variegated 
Shales. 

Paueaspis biteukcata, sp, n. (Fig. 8.) 

Shield elliptical^ truncate at both ends, more convex than P. ame^ 
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ricana. Ends straight or concave. In other respects, in form and 
in ornament, this species does not differ from the former. 

The abruptly truncate appearance of this species suggests the 
probability that at least a rostral plate adjoined the cephalo-thoracic 
shield, in which case it most likely possessed also marginal pieces. 
Such a structure would bring it into close relation to Lankester’s 
GyatJiaspis, 

Locality and horizon. As those of preceding species. 

Fig. 8 . — Outline of Shield of Palacaspis bitruncata. (Nat. size.) 



Er. Woodward said he was glad the author had discovered the cana- 
liculate layer in these fossils. Professor Lankester could not detect 
it in the specimens examined by him. The oldest of these American 
remains certainly aj)peared to be more ancient than any known in 
Europe. He referred to the discover}^ by Dr, Lindstrdm of the 
remains of a Scorpion in beds of Upper-Ludlow age in Gotland, 
and stated that a specimen so similar as certainly to belong to the 
same genus, if not to the same species, had been discovered at a 
still earlier date in the Upper Ludlow of Lanarkshire by Dr. Hunter ; 
although owing to the illness of Mr. Peach, to whom it was sent, 
its occuiTence had not been recorded. 

Professor T. Hupert Jones doubted if the older specimens described 
by the author were as well defined as those of the upper beds, and 
remarked upon the gap between the Wenlock and Ludlow beds 
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that must be assumed to exist in the European series of deposits if 
the author^B stratigraphicaJ views were correct. 

Mr. Hopkinsow said that there could hardly be a gap between 
the Wenlock and Ludlow series in this country, seeing that so 
many species of Graptolites, and also other fossils, passed uninter- 
ruptedly from the highest beds of one into tlie lowest of the other, 
that, from a palaaontological point of view, it was difficult to draw 
the line between them. 

Mr. Bl4nfort) said that Professor Claypole did not assert that an}' 
break occurred between the Wenlock and Ludlow, but apparently 
the stages were more numerous in America than on this side of the 
Atlantic. He also indicated, from his own experience, how difficult 
it often is to decide whether a break occurs between different beds. 
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9. On a NEW Deposit of Pliocene Age at St. Erth, near the Landes 
End, Cornwall. By the late Searles Y. Wood, Esq., F.G.8. 
(Read November 5, 1884.) 

In the autumn of 1 88:3 my friend Mr. E. W. Harmer, E.G.S., being 
at Penzanee, chanced to hoar of the occurrence near that place of a 
bed containing some shells not recognized as now living on the coast 
of Cornwall. Being introduced to Mr. Thos. Cornish, of Penzance, 
as a gentleman who had taken an interest in the matter, he got him 
to forward to me such of the shells as he possessed. These consisted 
of specimens of Nassa niutahilts, N. serrata, and Turritdla triplicata ; 
and I sent them to Mr. Robert BeU, E.G.S., to see and to show to 
Dr. J. Gwyn Jetfreys. Wo all three doubted their being genuine, 
the Nassau presenting, indeed, the appearance of imperfect fossiliza- 
tion. 

Sometime afterwards Mr. Cornish sent me some more specimens. 
These removed my doubts ; but from the incredulity with which 
Mr. Bell was met in the comparisons which he made of them for 
me with specimens in the recent and foreign collections of the 
British ^Museum, I pointed out the desirability of having the pits 
reopened before 1 brought the matter to the attention of the Society, 
and this !Mr. Cornisli doiei mined to have done. 

The post exceptionally dry summer in Cornwall has afforded the 
opportunity for this ; and on the 2()th of August last a party con- 
sisting of our Foreign Secretary, Prof. Warington Smyth, and 
twelve othcT gentlemen, mostly geologists, residing in the county, 
accompanied IMr. Cornish and witnessed the reopening of one of 
the disxised excavations, obtaining also a few of the shells. Some 
of the clay then extracted Mr. Cornish despatched to me ; and 
from it and more since had I have extracted several of the species 
mentioned in the sequel, including among them tw o out of the three 
first to sent me by ^Ir. Cornish. 

In the interval !Mr. Coniish got together what further specimens 
ho could hear of, including some entrusted to him by Mr. Goodman, 
of 8t. Erth, and jmt me into communication with Mr. Nicholas 
Whitley, of Truro, who had brought the subject of this fossiliferous 
bed incidentally before the Royal Geological Society of Cornwall in 
1882, and Mr. F. W. MiUett, of Marazion, xvho w^as engaged in 
searching the material of it for Ostracoda and Foraniinifera, both of 
whom sent me what molluscan remains they had obtained from it. 
Since the reopening of the pit, also, the Yicar of St. Erth has 
interested himself in the matter, and sent me some further contribu- 
tions to the total species that I have in this way got together. 

Mr. Cornish informs me that the area occupied bj" the bed, so far 
as its extent is known, does not exceed an acre, the first excavation 
in it (the one that ho has now got rco})ened) having been com- 
menced about 50 years ago, for the moulding sand upon which the 
Q. J. G. S. No. 161. F 
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fosBilifcrous clay re^^ts, but abandoned ‘^orne ten years since. In 
1881 , clay being required for the puddling of a dock which was 
then being constructed at reiizance, the excavations were at his 
instance renewed, the upper (yellow and unfos>iliferous) clay, into 
which the blue clay \ielding the v^helK pa‘'ses uj^^ards, being found 
suitable for this imipo^^e : since vhicdj tlu' ]ils have again fallen 
into disuse. ItA\as during this leneual oi ihe exeavationh that 
Mr. Whitley visit(‘d tin in, obtaiiu d tlie shells inentioned in his paper, 
and recorded the sections in his nole-liooh trom which the ono I 
herewith give (fig. IHs taken. Mr. (^omish exhibited at the Jubilee 

Fig. 1. — Pit near V/. Erth Yha,iift,fnin tJu yoie-Booh of 
yieJwhfs JVJiitft of Tri'ro, 



1. Miria<e- uii 

?. lo in ("x P of , ' <_nlar ] cdod nt aP i btit niosfh iipiifjlit, 

.‘5 to fo t niii tin tf>rn ntuMi dc^t nbep uik^m tin h‘tt(i y m 

ITI} AT< nmti ii Qii it Joijin («<<1 ^of* %ol x\T\ni. ]) 720, 

uiukruliil i)< o ( If nt In a( I < ^ < I tlu -outh (o i‘'t u( hiir'ed, aad "which 
1 as a o-H it (\l(i)o|. II 10 C<niivi P i 
3. Slf n( s ( « ir f I t< w itli (uidc < t iron Ac f o 12 nu lu*" 

4 T(*naciuii« < w cb' \ will i nap i/ »h)< fr igiiiciit^' of some hnuhe shell 
p<i‘f'^iii|' flow n into 

5. Blue <la\ iiTf pillar, 3 if 3 ffct 'and inoro in plats), and coiitainnig 
inannt diclK 

6 Fine sand. ] )<-( i ot » d, I le d« s j P ul }>} Iht worIviiK ii as lia\ing gra\el 
and rubble at bf^ttom, rcslnijr on rorlv 

meeting ot tli Falmouth TNih'tcf Imic Institution in 1^^2 some 
sjiecimens of tin* sludK. Imf lh(‘ hist (and onl\ ) stientihe notice 
which has liten of the b(‘d is a short pnjier li} Air. Nicholas 

Whitley, published in the TransaUions of the IJovd (ieologieal 
Focietj of Cornwall for Januan 18^2. (iititled ‘‘On th(‘ E\idenco 
of Glacial Action in ( oniwall/’ in which he incidental!} refers to the 
St. Erth bed. and gives a list of ten specif's of ^Mollusea that be bad 
obtained from it, and had sulimittod to Mr. (L B. Sowerby, Junior, for 
identification. 

On my writing to Mr. Whitley, and iiointingout to him that ho 
had been mistaken in referring the bed to Glacial age, ho not only 
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put these specimens into my hands, as well as some more that he 
had subsequently procured, and sent me his note-book with the 
sections, but, to satisfy my inquiry as to the elevation of the bed, 
visited the spot again, and ran a set of levels from mean tide-mark 
on the Hayle shore to the ])it, by which he ascertained that the 
elevation of the ])art from which he obtained his specimens is 98 
feet above ordnance datum, the surface of the ground being about 
15 feet higher. 

Eig. 2 . — /Section across the Valle tj of tJu Ilaijle at JSt. Erth, 

W.N.W E.8.E. 

Trciohlun Hill. Thi Hole 

oiH) f( < t. l]stuary. St. Erth 



Tilt* pits are on the eastern slo])c of a tract of low ground that 
extends from Tciizaiice and Marazion on the south coast, to St. Ives 
iUiy on (he nortli coa^t of the county, cutting off the high ground of 
Ihc Land's End district from the rc'^t of Cornwall. The bottom of 
ihis low trad is ocf'ui>ied by beds of peat and of estuarine or 
marine silt, allogt thei nnconnocted wdih the bed in (pi(‘stion, and 
wliich, fiom tlie sptcaniens of Mollusea sent to me by Mr. Cornish 
from some e\ca\ations in them, appear to be of tliat recemt date 
which marks the last depression of I^ritain and belongs to the 
\eolithic period. 

As this tract cuts through the highland formed of ancient rocks, 
it must at the time of the deposit of the St. Erth beds have been a 
strait, se])aratiijg the Land’s End region from the mainland of 
Britain ; hnt no other indication of this deposit has hitherto been 
detected. 

I The author here added a provisional list of MoUusca obtained by 
him to the number of about 50. As this list was confessedly im- 
perfect, he ex])rcssed his intention of preparing and publishing 
hereafter a full description of the fauna, with figures of the new 
species; it was withdrawn by him uith the permission of the 
Council.] 

Of the species obtained by me from the bed, three, viz. Cifpnxa 
avcUana^ Nassa granulata^ and MiJamjms jujramidaVis, are Eed- 

* The succession of events traced in my memoir on the Newer Pliocene 
period in England, Q. J,Q. S. vol. xxxviii. p. 752, terminates just prior to this 
last depression, Mhieh is only briefly adverted to, and then only in respect of 
the amount of depression that has taken place. 

F 2 
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Crag forms not known living. The first two arc probably also 
species of the Miocene of Touraine, as Cypra>a affinis^ and Biiccimm 
gramfeinm^ of Dujardin. 

The great muricated form of Cahjptnm clihiensis does not occur 
in the ^Miocene of France, the form there being small. A large 
form of the species is figured by Hornes from tlic Vienna bods. 

Nassa serrata, and all the forms of it figured as distinct species 
by Bellardi, as well as N, Emiliana^ do not occur above the Lower 
Pliocene; A\ sirrata, K. Emiliana^ and one other species of the 
group (xV. hisot(7isis, var. A) occur also in the Upper Miocene. None 
are known living. 

Nassa rectieostata is a species of the Upper Pliocene only. It is 
not known living. 

TurritiUa triplkaia and Ringiciila hucvinra do not live north of 
Vigo (lat. 4:2 ), whence they range southwards to the Canaries, 
and through the Mediterranean. Both are among the commonest 
species of the Coralline Crag. 

Raasia onutahilk, as well as all the of that group, and 

Euthria cornea, are only known as fos‘^ils from South European 
beds. In the living state Nassa )nniahili}< and Eoihrict corma 
range through the M(‘diterranoan ; but outside that sea, their 
northernmost place of occurrence is Cjidiz, in lat. 8() The 

shells figured by Bro^\ n, Xyst, and others, as Fnsifs vonieif.^, belong 
to a gump of which Fasus klamlicunif^ the t\pe. and which inhabits 
the North and Arctic Seas, and occurs in the North-Sea Crag, older 
and newer. 

Natica niHlijnmciata is, in the living state, confined to tin* !Medi- 
terrancau ; but. in th(‘ fo^sil. it occurs in the iMioccnc' and Pliocene 
of Southern Europe in general. The Coralline and Bed Crag form, 
X. innlfljarnctato, my father did not conMder identical with it. 

ArtnnJs (j'olita is re])rescnted in the Bed Crag by A. lentlformis, 
J. Sow., a closely alli(“d hut identical shell. It is not known from 
the Coralline Crag, but is regarded as a Mioec'iie sj)ecieH. It is 
also a South- Italian riiocene foshil, and ranges li^dng from Norway 
to the Meditenanean. 

Of the other speci(‘s obtained, save those ])eculiar to the deposit, 
most range in the Ihing state from Norway to th(‘ Canaries, and 
through the Mediterranean. 

One of them only i'l known to reach the Oreenland or Sj>it2])orgeii 
Seas also. Two range no further south than Britain, as far as yot 
known. Some of th('se occur so far !)ack as the Pliocene, others 
not further than the Ifiiocene, while six of them, all minute 
living s})ccies, are not kno'VMi (except in this de])osit) as fossils 
at all, or only as fossils of th^ latest beds. Anm/a j^roochna is a 
living North- American shell, occurring in tlu‘ (bralline Crag as N. 
trigmnh, but it may be the same as a living Norwegian species, 
y, tumifhda. 

The character of the Molliisca, as a whole, is essentially southern, 
no peculiarly arctic shell having as yet occurred. 

Both in the positive and negative aspects of this group of Mollusca 
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{for none of the many peculiarly tropical genera that occur in the 
Miocene are present in it) we seem to have evidence of a Pliocene 
age for the bed, and, I think, on the whole, a preponderance in 
favour of Newer, rather than Older Pliocene. The relation of the 
fauna is more in the direction of the Italian Pliocene than in that 
of the Pliocene of North-western Europe. 

At the outset of my investigations I thought it likely that the 
bed would prove to belong to that very late part of the Newer Plio- 
cene period called now Quaternary, when the small submergence 
took place which I have, in my memoir on that period in England 
traced as having preceded the minor Glaciation, and to which I have 
referred the G?/reRrt-formation, and with which the rich bed of 
marine Mollusca at 8elsey in Sussex is connected. This Selscy bed 
contains some species of Mollusca which now live only to the south 
of the British shores, though, like its species in the marine beds coeval 
with it, from Essex northwards over the east side of England, which 
present no such southern indications, these are all living species ; 
and I thought that as the difference in this respect between these 
beds, thus coeval with the Sclsey one, is evidently due to the presence, 
durijig their accumulation, of an isthmus connecting the South-east 
of England with the continent, which prevented the water which 
had access to Sussex from the Atlantic having any access to the 
North Sea, except round the North of Scotland, the more westerly 
position of the Land’s End might be the reason for the still more 
southern aspect of the St. Erth Molljisca ; but the species I after- 
wards got together comprised so many not known from Selsey, and, 
withal, some known only in the fossil state, that this view became 
untenable. We must therefore seek a more ancient period to which to 
refer it ; and as between the Selsey bod and the Bed Crag we have only 
beds belonging to successive stages of the submergence that accom- 
panied the great glaciation of England, in all of which the Arctic 
aspect is a])]>arent more or less in the molluscan remains they yield, 
though much the most marked in the earlier of those beds, such as 
Bridlington, there is nothing, until we go back to the Bed Crag, with 
which wo can connect it in point of age ; and then the evidence of 
eoimoxiou is more inferential than direct, because the geographical 
connexion of the 8t. Erth bed is clearly more in the direction of the 
Pliocene of Southern Europe than of the Pliocene of the area washed 
by the North Sea. One only of the six St. Erth Mass<r, viz. N, 
(/ranulata (or (jranlfera), is known from the North-Sea Crag, while 
three of them seem to me identical with Italian Pliocene forms, 
and the other two belong to a group (the miftahilis group) that is 
peculiar to the south of Europe, both fossil and recent. 

Our knowledge of the Normandy-Crag Mollusca is very limited. 
Of the specimens from the older part of it, the ‘‘ Conglomcrat h 
Terebratules ” (which in its physical character, and in the species of 
Bryozoa it yields, seems to have the closest affinity with the Coralline 
€rag), scarce anytliing hut a few casts of indeterminate species are 
given by Messrs Vioillard and Bollfus, in their “ Etude Geologique 
Quart Journ. Geol. Soc. vol. xxxviii. p. 732, 
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sur Ics Terrains Cretaces et Tcrtiuires dii Coteutin and among these 
there is nothing hut- Ostrea edulis and undetermined single species 
of Ceritliiinn^ and Kuctda^ that even generically occur in 

the St. Erth deposit. There is a more co])ious list given in the 
Geological ^Magazine for May 1872, by Mr. Alfred BeD, from an ex- 
amination of the collection made by Sir Chailt's Lyell from the 
Cotentin Crag, suj)})lemcnted by some additions from the authority 
of M. Hebert ; but there is nothing in that paper to show whether 
these represent this older “ Conglomerat a I'erebnitules,” or the 
newer “Marnes a Xassa,” and I suspect that 31 ollusca f rom both of 
those beds are mixed up in that list. Prom these “ 3Iarjics a Xassa,'’ 
MM. T ieillard and Hollfus give a more eoj)ious list : but tlierc is 
little in common between it and the list from St. Erth. 3s one of the 
St. Erth save perhaps ^ . f/mmdatif, nor any of the more 

remarkable St, Erth shells, are among the sj>ecies mentioned. 
Only Jiiitf/icula htccinea, Cdhiptnui Natica mUleiwnctaia, 

Cenfhiiitn rdiculatmn {mihir), Lvci/ut horidlis-, Osta'a ((hdifs, and 
possibly K(ffa‘(i sordida as y, proa'inni^ Aos.sa ///•oz/z/Zo/o, TurriteJld 
trijihvato I’drriitUd vtrmiciddrts^ amX phiciiiuris as 

Pn'tuncdh(s (species), out of tlie main St. Erth slu 11s can he recog- 
nized in it ; and though there are two or thr(‘e 3Iediterranean sp(‘cies 
among them not kno’SMi in the 3s<>rth-Sea liioeem*. yet the wliole 
fauna is essentially the same as the fauna of that riiocene, and but 
subordinately eonneeted with the llioeene of SouHktii France or of 
Italy, whielu so tar as tlu‘ eyideme serves to sliow, is just the reverse 
of the 8t. Erth fauna. 

We must, as the case at ])resent stands, infer (‘illier that (’ornwaJl 
and Xormandy. near as they are to (‘aeh (itlier. W(‘ro at the time of 
the St. Erth dejn^it .sO]>arated by a land b.iniiu’; or else that even 
the 31arm*s ii Xassa ” are older, and that tlie deposit of the 
Normandy Crag had ceas(‘d liofore tlu‘ St. Eith deposit ]>egan. 3fy 
present iinjjression is that tho latter was tlie case, for the fauna of 
the “ 3Jarnes a Nassa ’’ seems to me to indicate an age intermediate 
botwet'ii the Coralliiu* and Ked (rags, ratlier tlian (as it has been 
supposed) a lied Crag age. 

Of whatever age the St. Ertli bed may precisely he, however, it 
seems preily clear that at tlie time of its deposition there was no com- 
munication from the South Atlant ie and 31editefranean to tin* North 
Sea, except round the Noiih of Scotland ; so that sin )j of tin* southern 
species as had not been denizens of the Nortli Sea du.ina the Older 
Pliocene, and so lingered on thereinto the Newer I'lioez'iK* of tlie Ked 
Crag, were ])reveiited by the difference's of nine riegrea's of latitude 
between Cornw^all and the Nortli of Scotland, and tlie eoiiseijuent 
refrigeration northwards of tlie narinc cdiniate*, from getting l ound 
into the Nmth S(;a. 

A change of conditions evide ntly took ])laee) dnrirur the formation 
of the dejiosit, by which the blue* fossilifenoiis clay was succeeded 
gradually by a more tenacious yellow clay, wdii e h seemis to be destitute 
of molluscan remains, save some iinicceignizahlc fragments of a bivalve; 
and it is possible that this, and the disappearance of the ^lollusca 



AT sr, KRTH, NBAE LAITD’S END, CORNWALL. 


71 


(which wore evidently denizens of a warmer sea than that, which now 
washes the shore of Cornwall), may have been due to the changes 
consequent on the incoming of the major glaciation. 

The fossiliforous clay is of a nature difficult to work for extraction 
of shells, and the occurrence of specimons, even to the smallest and 
most unrecognizable fragments, is, except in the case of one or two 
species, unfrequent ; but by the cooperation of Mr. Cornish and the 
Vicar of 8t. Erth, I am having consignments of it forwarded me, 
by which I hope to extract a more extensive collection of the 
Mollusca of this deposit, by which the inferences as to its age and 
relation to other dejiosits may possibly be modified. Eventually I 
hope to 1)6 able to figure and describe these Mollusca. 

Mr. liobert ilell has aided me most materially in sc;}rching the 
collections, rec(}nt and fossil, in thti Eritish Museum for anything 
that would throw the ligiit of identity on the more obscure, and on 
the apparently now forms that the deposit has yielded (which my 
invalid condition pi'ocliided me from doing myself), as well as by his 
own Kecent and Ifiiocene collections, and knowledge of Jiecent and 
Pliocene Mollusca. The publication in 1S82 of the tliird part of 
Prof. Ecllardi’s [Mollusca of tlie Tertiaries of Piedmont and Liguria 
containing the very numerous fossil forms of the genus iVh^'.sY^ * that 
occur in those Tertiaries has been very opportune. Dr. J. Gw3m 
Jeffreys has also had most of the shells before him for (*xamination, 
from me ; and for Jiis aid in the determination of some of the very 
minute sj)ecies, 1 have to express my thanks. 

Angular stones occur occasionally in llio clay along with the 
shells, but I have not met with one more than inches long or more 
than h(‘tw(!en 2 and 8 cubic indies in solid dimensions, and they 
are mosily very much sniMller than this. With the exception of some 
which do not exceed tlic size of a swan-shot, 1 liave only met with 
one rounded peblile, about the size of a filbert . The average (]uantity 
of the angular fragnuait.'j, so far as I have encountered them, is about 
1 Ih. to 1 cwt. of the clay. They seem to indicate that, notwith- 
standing the southern charactiT of the Mollusca, ice must have 
drifted over the strait during winter, but I have not detected any 
glacial stria; in the fragments. 

♦ In connexion \\ith the age of the St. Erth bed, as affected by the propor- 
tion of forms in it not known lif ing, it is jiroper to point out that the prm^or- 
tioii of Ac, SVC not known lining is quite a fallacious guide : for while of Mio- 
cene and Pliocene Mollusca, other than this genus, more than half the Miocene 
and three hairths of the Pliociuie are kiiow*n living. Prof. Jiel]ardi,in this work, 
figures, or describes, forms of (of w hich more than tw’o thirds are ranked 
as species), to tlu' numl>er of 14.') from the Middle, 1,‘il) from tlie Tpper Miocene, 
01 from the Low er, and 04 from t he Upper Pliocene of Italy. Of these he regards 
none of the Low’or, and but one of the Upper Miocene, 4 of theLowvr, and 5 of 
the Upper Pliocene as living species, - the living species, o in all, being JV, 
mutabUis, Linne, in 0 \ars. : A. t/ibbosttla, Liiiue, 0 vars. ; refiailafa, Linnt*, 
in 2 vars. ; A. incmssiifa^ Muller, in 4 vars. ; and A. svuusfriafa, Brocc., in 4 
vars. 
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Discusbion. 

Dr. Gwtn Jeffreys expressed his rofj:ret that the author of this 
important communication was prevented by illness from being pre- 
sent at the meeting, and said that the paper exhibited indications of 
the great energ}’ possessed by the author notwithstanding his bad 
state of health. Great credit was also due to Mr. llobert Eell for 
his share of the work. After careful examination Dr. Jeffreys re- 
cognized 50 species among the fossils obtained from the deposit at 
8t. Erth ; but from the number given by Mr. Wood he deducted 
5 for duplicates, and one which he thouglit was not a mollusk. 
There were thus 41 or 45 species, out of which 11 or 12 are recent 
and 33 or 34 extinct. Of the latter 11 only are known to him from 
Tertiary deposits, 4 being of Miocene age, and all of them Pliocene. 
22 species were unknown to him either as Tertiary or recent. For 
the accurate determination of the specie*^, the collection, when more 
complete, would have to be critically com}>ared with recent forms, 
and the necessary allowance made for that slight divergence which 
was always obf^ervable in the shells of sj)e(ies whose existence 
extended over a long period of time. Dr. Jeffreys thought that the 
author had not quite suflioient knowledge of recent Mollusca for his 
determinations to be thoroughly accurate. The list of shells needs 
a careful re-comparison with the species contained in the Tertiary 
collections of Europe. 

He further remarked that no deposit^of Glacial age have hitherto 
been found in the south of England. He was not clear whether the 
8t. Erth de])o&it was of Older i^liocene or possibly of Upper Miocene 
age. basset serrata^ Erocchi, was one of the few species in the* list 
identical with Crag forms, namely Bvccin^nn nticosum of vSowerb} . 
The deposit did not seem to him to be connected with any Crag bed. 
A bed near Antibes, in the South of France, seemed to him to resemble 
the St. Erth dcix>sit in man} of its characters, and the Mollusca of 
these two deposits should be critically compared. 

Prof. pRESiwicrr said that this discovery of ]\lr. Searles Wood was 
the most interesting that had been made upon tlu^ soutluTii coast of 
England for many years. It was the first clear evidence* from fossils 
of a depression in Cornwall since P.alaeo/oic times, as the beds near 
St. Austell contain no organic remains. The high- and low-level 
beaches of Jersey and Guernsey are also unfossiliferous. He felt the 
same difficulty as Mr. Wood in correlating the beds in Erittan}. 
The beds at Eosq d’Aulugny, in Normandy, present many j)oints of 
analogy with those of St. Erth. There is the same prej)onderaiico 
of Subapennine and Mediterranean species, with many Crag fossils, 
but the 8i)ecies are different. 

Mr. Etheridge thought that the author had been rather hurried 
in drawing his conclusions, and that more stratigraphical and geo- 
graphical evidence as to the distribution of the bed, and a careful 
survey of the neighbouring coast were requisite. He said that 
Mr. ^lly had tried to make out the succession of the clays, and 
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Mr. Bell had done much with the fossils, but no doubt many more 
fossils were yet to be found, and the Foraminifera, which are nume- 
rous, had not been determined. For his own part, he had much 
faith in Foraminifera, when properly determine, as a means of 
settling the age of such deposits. 

Prof. T. M‘K. Hughes inquired whether the fossils had been 
carefully collected from both the yellow and the blue clay, and 
where exactly the change in the fauna, which had been mentioned, 
occurred. The yellow clay, he thought, must be only the oxidized 
condition of the blue clay. He asked further what were the rela- 
tions of the blue clay to the underlying sand, and of the sand to the 
beds below it. 

Mr. Solly said that the section shown in the diagram was merely 
diagrammatic ; it was not that of any one pit, but made up from 
several pits. The junction of the sand with the blue clay is not 
seen. He explained the relations of the different beds as seen. 

Mr. Robert Bell explained that the blue clay varied in character, 
the lower part being unfossilifcrous, while the upper part contains 
all the fossils. He objected to the deposit being called Miocene, 
and, from the evidence of some of the shells, regarded it as nearly 
of Crag age. The sand shown in the diagram was said to surround 
the clay. 
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10. Note on a Section near Llanbkrip. 

By Professor A. H. Green, M.A., E.G.S. (Bead December 3, 1884.) 

Those geologists who hold that the quarfz-feJsites between Llanlx'ris 
and Caernarvon are of Pro-Cambrian a^(‘, rest their belief mainly 
on the fact that the conglomerate which tlu^y take to be the base of 
the Cambrian rocks in that district contains numerous pebbles of this 
felsite. It would be very desirable to have this inference confirmed 
by direct evidence of stratigraphical unconformity between the two 
rocks ; but 1 do not know that any one has l)ecn able to point to 
a section where that conglomerate is seen actually resting on the fel- 
site, and where there is an unconformity at t lie junction. The sec- 
tion which I wish to describe, and which scorns to have escaped the 
notice of the geologists who have from time to time during the last 
few years reexamined the district, do(*s show the conglomerate rest- 
ing with the most marked unconformity on u lower grou]) of rocks ; 
and it is for this reason that I call attention to it. I saw the section 
first in the summer of and virited it agjiiii during the summer 

of the present year. 

The section is found in one of the cuttings of the railway wdiich 
runs from the Dinorwig quarrie'' along the north-eastern shore of 
Llyn Padarn : to sliow its position with rcsjx^ct to the adjoining 
rocks, I have plotted, in tig. 1, the section along the railway from 
some distance on either side of it. Wo start at the south-eastern 
end in the bottom beds oftb(‘hlat\ scries which h(T<‘ forms the middle 
member of the Harh^ch and lilanbcris gi ou]>, !»nd which is worked 
in the Dinorwig quarries ; ]»cncat]i this conic alternations of slates 
and grits, lietwecn SoO and tect thick, dijqiing steadily in a 
south-easterly direction at about Ih^jond these, a bed of 

massive grit comes up ; it shows no lines of bedding, ]>ut the over- 
lying grits are well b(‘dded and flatten and liond over it to the 
north-west. Then follows conglomerate and breccia, with the usual 
character of the hasomenl conglomerate of the Harlech and IJan- 
beris beds. The junction of the massive grit with the conglomerate 
is nearly vertical, and is very lilv(‘h a fault. 

A little further on, the beds roll over and the conglomerate is over- 
lain by grits di})])ing to the north-west. We th(*ii come to the part of 
the section lying between the jioiiits I* and Q, to which I wish to call 
special attention (enlarged in tig. 2, ]>. 7(»). The first rock we en- 
counter, marked A, is fissih^ and slaty ; it consists of a riunilier of thin 
layers, nearly vertical and fdl hing parallel to one another, varying in 
colour and composition, some greenish and sand}. oHkth smoother, 
very flaky , and somewhat soajiy . The question ai ist‘s, A re these layers 
beds or cleavage-lamina)? The marked diflercnci* between them in 
colour and composition is strongly in fa\ onr of tln ir being bods. Next 
comes a band marked B. The matrix of this rock is grey, or greenish 

* To avoid the ambiguity which attaches to the woitl “Cambrian,” I uae 
this name for the bedn allied Cambrian by tlu* Geological 8ur\ey. 



PfiOF. A. H. GREEN ON A SECTION NEAR LLANBEBIS. 


75 


grey, with very smooth fracture 
not unlike that of the felsito, hut 
the rock is soft enough to bo 
scratched by the knife and sliglitly 
soapy to the touch ; it contains 
many blebs of quartz and fragnionis 
of other minerals and rocks, all very 
much altered : it is very decid(*dly, 
but rudely, cleaved, and the clea- 
vage-planes bond in a ^\avy way 
round tlie fragments. The surfaces 
bounding this band of rock are 
parallel to the laminjo of the rock 
A. Tlie rook C, that comes next, 
is a br(‘ccia with a dark grey ma- 
trix ; the fragments are all bat- 
tened and lie with their bat faces in 
the same direction ; there is a rude 
wavy cleavage with a tendency to 
bend round the fragments. We 
h.Lve here ihen thiee bands of 
rock, all diftering in lithological 
character and separated from one 
another by parallel and nearly 
vertical planer ; one of these bands 
(A) is made up of numerous 
lamina), each dibering from its 
neighbour in composition, and these 
lamina) arc all parallel to one 
another and to the planes ^^hlch 
s( p.irate A Irom II, «ind E from C. 
Those facts, it secmis to me, admit 
oi only one intcrprctatioiu The 
rijckb are liedde^l and in a ncail} 
vertical position ; tlinre is clea- 
vage as well, and the tie ivage and 
bc'dding coincide: hut ^ehile the 
bakiness of the ro^k.^ E and 0 is 
due to rude cleavage, tlie jilaiie 
separating these rocks fieun one 
another, the ])laiie separitiiig E 
from A, and the planes of lamina- 
tion in A must, I think, be pi ines 
of bedding. 

These baky rocks (>ccu]»\ the 
whole face of the cutting foi a^pac'o 
of about twenty yards, but tow ards 
the north-west end a ca])])i ng of 
conglomerate comes on above them. 
The junction slopes down to the 


.. — Conglomerate. 
-...Dyke 


^ Grits with some 
slaty beds 


D>kt 


.^Gnts. 




^ .Gnt. 


iP 


jy.. Conglomerate 
xV" ““ breccia 

P-. _Ma88negrit. 




Fig. 1. — Section along a part of the Dbm'wig Railway^ on the North-east Side of Llyn ladarn, 

(Scale about 400 feet to 1 inch.) 



76 


PBOF. A. H. OB££N ON A SECTION NEAR LLANBEBIS. 


north-west, and the conglomerate creeps over the flaky rocks 
with a rapidly increasing thickness till it comes down to the level ol 
the railway. This conglomerate has the same character as that se'cii 
on the other side of the flaky rocks ; it contains a few fine slaty 
bands which give the dip and show that the beds arc running dow ii 
at moderate angles to the north-west. I could not seo the actinil 
junction of the flaky rocks with the grits to the south-east of them , 
but I traced the two to within a few feet of one another, and it 
seemed likely that they were separated by a fault. 


Fig. 2, — Enlarged Seiiion between the poinU P and Q in fig, 1. 
N.w. s i: 

Congloinerat<* (jnt. 



A. Fissilf* flakj* rock. 1). Ureenish-grej iniginenltil rock. 

C. Grey breccia. 


There seems to mo no room for doul)t that in this section we see 
the top of a projecting boss of a group ot rocks underlying the 
Harlech and Llanberis beds, and that the conglomerate rests on these 
rocks with the strongest possible unconformity. 

Further proof of the unconformity is found when wo examine the 
hill side on the north-east of the railwa} . For some m ay uj) (fig. 15) 

Fig. 3 . — ^Section at right angles to the Raihvaif^ In tween the noitita 

'Vandil. 

S.W. >.E. 

Bailway. 



we find the fissile locks pe(‘ping out eveiy here and ther(‘ in gullies 
and other depressions, with the conglomerate lying u]K)n their edges. 

I am afraid it may be thought that I have been unnocesBarily 
prolix in my account of this small section, and I certainly should 
not have thought that there was any need to give, at such length, the 
evidence for what seems to m}self* a very simjile matter, if ii had 
not been for the following circumstance. 1 believe iliat the Beef ion 
just described is the one figured by Sir A. liamsay in the Suiwey 
Memoir on North Wales (pp. 178, 171), figs. 02 and 03), and lie 
there gives a reading of it very different from my own. He calls 
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attention to the strong cleavage and the flattening of the fragments 
in the rocks B and C, and he shows these rocks as vertical on the 
south-east, so far agreeing with myself ; but on the north-west he 
makes the bods flatten, and draws across the flaky rocks lines of 
])( ‘dding sloping at a moderate angle to the north-west, running in 
fiict parallel to the junction of the conglomerate and the flaky rocks. 

1 n short he makes no distinction between the flaky breccias and the 
conglomerate, but looks upon the former as a part* of the latter 
somewhat altered in character by intense cleavage. It is with no 
small amount of diffidence and regret that I feel bound to differ 
i I’ora ray old honoured master ; but I feel sure that the bedding of 
the flaky breccias is nearly vertical from one end of the exposure to 
llio other. Further, these breccias prove on examination to differ 
totally from the conglomerate, and, indeed, from any part of the 
Harlech and Llanhcris group, in their character and origin. I 
( iiinot therefore accept his interpretation. 

To this point, the nature and origin of the flaky breccias, we 
lu'xt come. Under the microscope, with a power of 40 diameters, 

1 li(‘ matrix of C is seen to be fine dust full of minute plates and 
iihns of a micaceous mineral that, under crossed nicols, is golden 
}(*llow shot with green and red. Among the fragments are a few 
i lehs of quartz, bits of kaolinized felspar, a fragment very like a bit 
( [ quartz-felsite, and several pieces of dark vesicular sconce ; but the 
hirger part of the fragments are not exactly determinable on account 
)[’ the alteration they have undergone; they remind one of basic 
( rystalliiie rocks that have been very thoroughly serpentinized and 
Mriditized, and in part converted iiito calcite. 

The matrix of B is generally similar to that of C, but finer and 
more uniform in grain ; it lies in long wavy bands which bend 
I lUind the fragments and simulate very closely true fluxion-structure; 
1]ie fragments are most of them similar to those of C, but not so 
numerous, and quartz is more abundant; there are a few plates of 
nica and some hits that remind one of fragments of erj^staUine 
schist, 

111 general character both these rocks are very like rather coarse 
\olcanic tuffs, and the presence of vesicular scoriio in C is in favour 
of the view that this is their character. Professor A. Geikie tells 
mo that they are very like some of the tuffs of St. Davids which are 
classed by Dr. Hicks as Pebidian. 

It may be desirable, though perhaps hardly necessary,. to point 
out that the unconformity of this section, strong as it is, does not 
iH'cessarily indicate any great difference in age between the con- 
glomerate and the breccia on which it lies. These breccias are of 
volcanic origin, and the irregular and restricted upheavals and dis- 
turbances, which are always liable to occur where volcanic activity 
is going on, arc (|uitc competent to bring about unconformities 

* “ Part of the conglomerate consists of slaty pebbles in a slaty matrix, the 
bole being affected by slaty cleavage, remarkable on acccnint of the pebbles 
Ix'ing elongated in the direction ot the cleaMige-lines.” (Geol. of N. Wales, 
p. 179.) 
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quite as marked as those of the present section, which arc purely 
local and would be found to disappear if we wore able to trace the 
junction of the two groups of rocks over a largo area. 

The remainder of the section along the railway explains itself; 
but I may mention that the nature of the junction botwT(‘n the 
conglomerate and quartz-folsite ai the north-western end is doubt- 
ful ; it may be a fault, Imt there is nothing whatever to show 
whether it is or not. Tlie matrix of tin* conglomerate is very 
instructive; it is mashed iij) and roaggregated fel-ite, and it has 
been so little altered by the hreaking-up, and has been so firmly 
hound together again, that it hears a eery close, though of course 
superficial, resemblance to the felsite itself. This restmiblance does 
not altogether (li3a])pear even under the inicrosco])e. Hit' jirt'ssiiro 
which the conglomerate has undergoiu* has stjuet'zed tlit' fint' jiortion 
of the matrix into wavy flowing bands which bend round fhe blebs 
of quartz, so tliat a structure has })een set u]) in this clastic rock 
which simulates most eloscly the fiiixioii-structuie of tlu' felsito 
iteell*. The quartz cry.stals and hleb", too, of tlio eongloiiH'r.itt* have 
often been so little damaged during th“ disintegration of the telsite 
that llioy still n tain exadh tin* saiin* a]»pcaronee as in this latt« r 
rock. Indeed if we cut a slice from tl’e eoiiglonuTate so as to st<*(T 
clear of jK'hldos, it would vt ry fieqnenth la undistingnishahlc under 
low powers from a slice cut from the tehite ; it is not till they are 
magnified some diameter- that llie ditien'iice belwec'ii tlu' two 
comes out. 


I)i*«rrssiox. 

Prof. T. M‘K. Hi (.iiKs gave aii ex}danatioii oi tlu* ^eciion, and 
indicated some details -bowing 'v\hat he rt'eai led as the Ix'luiviour 
of the beds. If older beds conn* uj) at tlu* ])()iiit indicated, they 
would probably he iVhidian. He stated that the s{*etion was very 
complicated, and the jiarticular ])urti<m d»*.sc*rihed hy the author does 
not, perhaps, carrj witli it tlu* sam(‘ convict ion tliat otlnr s(*ctions 
do. The conglomerates are made u]i of the underlying rock to such 
an extent that it is sometinu's diflicnlt to distinguisli the (nie from 
the other, wlicre both an* sqmx'zed, faulted, and eontort(*d. Ihe 
]Si.E. and S.\V. section, as showm, did not ex]iluin itself oxe<*]>t with 
the intervention of faults. The i)rincipal section a])pcared to he 
correct in the main ; hut perha]>s some modification miglit he neces- 
sary in details. 

Dr. Hicks said that ho had very little to add to Ih’of. Hughes’s 
remarks. He also would not have se]<*cle(l this section as tlu* l»est 
example of the unconformity bet v ecu the Cambrian and Jhe- 
Cambrifin in this area. The section, liowevtT, was an important 
one, as it showed that th<i J’re-'Cauihriaii rocks exti'nd further 
towards Snowdon than had pronously been ascertained. At the 
N.W. end of the section there were clear indications of uneonfonnity, 
hut masked partially by faults. From the present evidence it is 
clear that an unconformity does exist. Tlio important point to bo 
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remembered is that the cleavage in Pre-Cambrian beds is of earlier 
date than that occurring in the Harlech and Llanberis series, as may 
be shown by an examination of the fragments of the former in the 
latter. These fragments, as he had often stated, showed the 
original cleavage as well as the effects of subsequent crushing. 

Mr. Hutley remarked that he believed rocks of the class described 
were not uncommon, as, for example, on the flanks of finowdon 
between Llyn Llydaw and Llyn Teym, having cleavage coincident 
with the bedding. He thought the quartz-felsite described by Prof. 
Bonney as old rhyolite might be expected to reappear, instead of 
the beds beneath the breccia, and wished for definite information 
concerjiing the character ajid x)Osition of the lower series of rocks 
between the quartz-felbite and the fissile breccias exhibited. 

Prof. Hughes exidaiiied that the newer series being absolutely 
unconformable to the older, the diflerent beds of the latter appeared 
below the base of tin* newer series successively, and the Pebidian 
might wtII come in the s]K)t indicated. 

The PiiEbim^NT stated that In* knew the section described, which 
lie had visited with l*rof. Hughes. The junction of the conglo- 
mernte and felsite w as very obscure. In the part betw een P and Q 
in the diagrim the lower pai*t of the conglomerate, as he had con- 
sidered it to be, has n peculiar appearance, and is no doubt the rock 
deseribc'd b} Prof. (Treeu as ii breccia. At all events the section is 
not so clear in nature as in the diagram. The section at Mod TiyTaen 
is similar. On the south- of Ll^n Padarn one meets with a 
puzzle of something tlie sanu' kind, — (luartz-felsito, then conglo- 
merate, then (ajiparcnth ) cleaved Idsitc, then conglomerate again; 
and it is not clear wdiellier the conglomerate rests uncoiiformably 
oil tin* felsite, or wlndlier there is a series of faults complicated by 
dykes. Profe&sor (ireeiiV reading of the section might be the 
correct one, but he hdt ver) doubtful. 
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11. On some West Indian Phosphates. By Geobge Hughes, Esq., 

E. C.S. Communicated by W. T. Blvnpokd, Esq., LL.D., 

F. R.S., Sec. G.S, (Read November 17, 1884.) 

Eeom the specimens of West Indian phosphates and coral I have the 
privilege of bringing under your notice, I desire to direct your 
attention to the fact that, under certain conditions, it is possible for 
coral-stone to be converted into phosphate of lime. Dana, in his 
work on Corals and Coral-islands, speaking about the formation of 
Howland's Island, says : Some interesting pseudomorphs occur 

buried in the guano of this island. Coral fragments of various 
species were found that had long boon covered uj) under the deposit, 
and in some of which the carbonic acid had been almost entirely 
replaced by phosphoric acid. In such I have found 7U per cent, of 
phosphate of lime. In many others the change was only partial, 
and on breaking some of these, in the centre was usually found 
a nucleus or core of coral still retaining its original hardness and 
composition, while the external ])arts had be^'ii changed from car- 
bonate to phosphate, whicli, though soft and friabhs still preserved 
the structure and appearauce of the coral." 

Hy attention was first directed to this fact in the island of Bar- 
buda, where I found n small vein, rich in ])hosphate of lime, starting 
from the bottom of a cave in tin* face of a coral cliff. The earth in 
this cave consisted of phosphatic guano formed from excrement of 
bats, and similar in composition to th(‘ earth that is generally found 
in tropical caves. The water draining from this guano-earth must 
have contained phosphoric acid in solution, probably as phosj)hate 
of potash, soda, and ammonia, and subscquentljs passing through the 
coral, caused the remarkabh* eli.ange in the eoin])Ositioii of the rock 
with which it came in contact. Tlie specimen of stone taken 
from this particular vein, shows that, whilst one ])ortion remains 
white and consists of carbonate of lime, the other portion of 
the same stone that entered into and formed part of the vein is 
coloured yellow from organic matter, and the carbonic acid has bc'cn 
almost entirely replaced Ijy ])hosj)horic acid. 

It is, however, to the deposit found in the island of Aruba that 
I desire to draw your special attention, because there this process 
of phosphatizing the coral has been in operation on a most extensive 
scale. The deposit is estimated to contain not less than 500,000 Urns; 
it occurs at the extreme ])oint or cape of a peninsula of coral ; 
the headland is called Sierra Colorado (or red hill), and rises about 
300 feet above the level of the sea and about 200 feet above the 
level of the coral that connects it with the island of Aruba. My 
opinion is, that when this hill existed as a small island, or “ cay,^^ 
and the coral reef between it and the then main island of Aruba 
was submerged, it was the resort of sea-fowl, and their excrement, 
like the bab-guano, containing soluble phosj>hat{‘s, caused the change 
in the rock upon which it was deposited. There is no trace left of 
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the phosphatic guano upon the surface ; but the solid rock is now 
rich phosphate. From these specimens of the phosphatized coral 
it will bo seen how complete has been the change, and at the same 
time how perfectly the coral has retained its structure. 

Those specimens of phosphatized coral yield from 78 to 80 per cent, 
of phosphate of limo, and, so far as the deposit has been shipped as 
yet, the cargoes have tested over 76 per cent, of phosphate. 

Analysis of a Sample of Aruba Phosphate. 

Moisture *C2 

Water of combination and traces 

of organic matter 2*01 

Phosphoric acid 3r)*70 (equal to tri basic phosphate 

Lime 40*37 of lime 77*93) 

Oxide of iron 1*80 

Alumina 2*95 

Carbonic acid 1 *53 (equal to carbonate of lime... 3*54) 

Suljihuric acid 1*55 

Fluorine &c 4*22 

Silica 2*35 

100*00 

Other deposits of phosphates found in the West Indies owe their 
origin to direct marine deposit of bone, as, for instance, that of 
Cnrjigao. lii the next island to Curacao (Bonaire) I have seen the 
coral over an area of two miles to contain fossil bones and teeth 
scattered in all directions. The specimens I have the pleasure of 
showing you from that island give a very good idea of how these 
bones occur ; and had they been deposited in one spot, as in 
Cura 9 ao, we should have been able to have worked a good deposit. 

Discussion. 

Mr. B. B. WoonwvKi) asked if in the West Indies the same con- 
ditions were found as in some of the islands of the South Pacific, 
nameh, ih(' carrying-down of phosphates into the mass of the coral- 
reel, and the subsequent rinnoval of the carbonate of lime leading to 
the formation of easts of corals in the phosphate of lime. 

Prof. T. lIupuRT 1 ONUS asked if there are any guano-islands in the 
West Indies now. 

Mr. Hudlkston asked if the facts observed threw any light on the 
formation of the phos])hatie layers in the Cretaceous rocks. 

The Auihok rejdiod to Mr. Woodward that he had not observed 
casts of corals in ])hosphates found in the West Indies. To Prof. 
T. llupert Jones, that guano-deposits are still in course of forma- 
tion, as, for example, in tho Monks Islands near Aruba. The rain, 
however, dissolves out tho soluble pho8])hates, which are lost, as the 
rocks on which those deposits occur are of a siliceous nature. The 
insoluble portion of the guano forms a crust upon the rock. To 
Mr. Hudleston, that this replacement of carbonic acid by phosphoric 
acid might throw light upon the formation of phosphatic layers in 
the Cretaceous rocks. 

Q.J.G.S, No. 161. a 
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12. On the Lower Eocer-e Plakx-beds of the Basaltic Eoemation of 
Ulster. B}’ J. Stareib Gardner, Esq., F.L.S., F.G.S. (Bead 
December 3, 1884.) 

The general features oi the basaltic district of Ireland have been too 
frequently described to need more than a few introductory words 
here It is situated in the N.E. of Ireland, and forms a plateau 
with steep escarpments on every side, except in the direction of 
Lough Neagh. The formation rests upon a very uneven surface, and 
the thickness of the lowest of the three divisions into which it hits 
been classihed is thus very variable. It is described by Hull as 
“silicated felspathic trachytes, porphyry, pearlstone, pitchstone.'’ 
But a good deal of the lava resting upon the Chalk appears outwardly 
to be amoiq)hous trap. The second division contains all the plant- 
beds hitherto found in the basaltic formation in Ireland, with the 
possible exception of those of Lough Neagli. The third is composed 
of solid sheets of columnar and amorphous basalt. The greatoht 
total thickness observed in Ireland is at SJeamish, a mountain 1437 
feet high, all that is visible (at least 1100 or 1200 feet) being com- 
posed entirely of basalt. These basalts have b(‘en eroded on a colossid 
scale, for the valleys are scooped out of solid horizontal shec'ts, as 
pointed out by Conybeare to this Soeiety so long ago as JhllJf. 
They seem to have formed almo.st tne southern limit of a formation 
which once stretched continuously to Iceland, and to what thickness 
they were originally erupted can novvr hr known ; hut tlie uppi'r or 
columnar basalt seiies, now only 4U(> or oOO I'eet thick in Anti im, is 
believed to expand to the immense total ot trom to 4000 feel in 
ALuH, only some 70 miles distant. One of their most charael eristic 
features, as in JceLind, is the relative rarit \ of d} ki s. \\ hen i)resent 
their prevailing trend aeems to be S.E. to N.W . I believe the id(‘a 
that any traces of necks or craters remain, tlirough whieli such masses 
could have been erupted, though once stronglv ad\ ocated J , is now 
abandoned, and the theory that at least the U 2 >pci series welled up 
through ti&sures, represented in ^lart h}’ the four gigantic d}kessecn 
on the north coast, will, j)crha 2 >s, be more geiicrall} acccj)tablo. 

The middle horizon, in wliich most, if not all, of the sediinentar} 
deposits containing jilajits occur, marks a very considiirable interval 
of time during w hich the slow disintegration of the basalts jiermitted 
the formation of irou-ores to a thickness of 40 or oO ted and also of 
great masses of lignite. The sedimentary deposits of (jlleiiarm and 
of Ball} 7 >alady, at least, show the jiassage of larger bodies of swiftl}- 
flowing water, and were formed in the bed of a river. The lignites 

♦ Hull, Phye. Geol. & Geogr. Inland, cJiapter hi. ; Kinahan, Geology of Ire- 
land, 1878 : Portlock’s Beport on Londonderry and Tyrone ; 

+ Geol. Trans, vol. iii. ; Berger on the Geological Features of Korth-eabt 
Ireland, t). 127. 

I Hull, Piiye. Geol. <k Geogr. Ireland, 1878, chapter in. 
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show that this was bordered in places by marshy or boggy land. All 
the physical data combine to prove how vast the antiquity of this 
part of the formation must be ; but as 1 have recently discussed 
those at some length elsewhere (and those interested can follow my 
arguments in the ‘Report of the Belfast ^Naturalists’ Field-Club’ 
for the year 1 884), I do not propose at present to allude to them 
further. Conclusive, however, as the inferences deduced from phy- 
sical data appeared, 1 am able, through stiU more recent investigations, 
to set aside the whole of this evidence, and to demonstrate on simple 
palaeontological data that the plant-beds arc actually very low down 
in the Koceno series. All are aware how universally they have 
hitherto been regarded as Miocene. Nothing, indeed, in the progress 
of geology appears more remrirkablc than the almost complete una- 
nimity with which tlicir ago has been accei)ted, when the character 
of the evidence is oxamiriod. Of the many distinguished writers on 
the basalts of Ircla^id and Scotland, not one has called it in question ; 
and Prof. Hull, for instance, almost apologetically ventures to speak 
of the lowest trachyte or porphyry of Handy Brae as “ possibly be- 
longing to the latter jiart of the Eocene series ; ” “ at any rate, such 
is the contrast to the overlying sheets of basalt of known Miocene 
ago, that T am constrained to infer a considerable lapse of time 
between their respective eruptions 

As T pro])ose to review this evidence at length elsewhere, I do not 
think if nt‘ccssary to do more than glance at it now. The first 
description of any inter-basaltic plants was communicated to this 
Hociety by Edward Forbes in 1851 f. (hir knowledge of Tertiary 
plants was very meagre thirty-three years ago, and he was only able 
to hazard the o])inioii that, judged by the then state of our know- 
ledge, they were “ decidcdl}^ Terfiary,'' and “ most probably ” Mio- 
cene. Heor t suh'^equently claimed two of them as Miocene forms ; 
])ut thc' tirst is merely a yew-liko coniferous twig, probably a Ta.rus, 
that might be of anj’ age ; and thc second a dicotyledonous leaf which 
finds its parallel equally in the Cretaceous and in the old Eocene of 
Sezanne, ^fany of the jMuII jdants are also found at Atanekerdluk ; 
but the age of lhcs(» beds has beim settled in precisely the same per- 
functory manner as in thc instances we are discussing. It occurred to 
somebody that the Antrim and the Mull plants must be of the same 
age ; but the only notice I can find of any actual comparison of them 
is by Baily§, whose conclusion that they difrerod as a group tells in 
an entirely opposite sense. I am, in fact, personally aware, so far, 
only of one plant in common ; and this is not oaly rather doubtful, 
hut was discovered at "Mull only three or four years ago, and is not 
yet publislied i|, nor has it boon made use of by any one for 
comi)arison. The Irish plants are all from below the columnar 
basalts and are very considerably older than the Mull plants, which 

* Hull, J^Jiys. Gcol. & Qoogr. Ireland, 1878, chapter iii. 

t Quart. Journ. Gool. 8oe. '\ol. ^ii. (ISf)!), p. 103. 

I Lyell’s * * * § Elements of Geology.’ (>th edit. IHOo, pp. 2Cd, 202* 

§ Quart. Journ. Geol. Soc. vol. xxv. (1809), p. 300. 

II Since published in tlie issue of the Palaeontographical Society for 1884. 



84 


J. 8. GAEDNER ON THE LOWER EOCENE PLANT-BEDS 


occur among the columnar series. Now there is only one flora, whose 
age is stratigraphically ascertained, that the Irish plants resemble ; 
and this is the Heersian flora of Golindcn, so low down in the Eocene 
that we have no representatives of it in England. The resemblance 
is not superficial, but, as I intend to demonstrate on another occa- 
sion, fundamental. Already in the Mull beds, and ocpially in our 
oldest English Eocene floras from below the London Clay, tht' Heersian 
characteristics have disappeared. On the other hand, these Irish 
floras have not one single element in common with any of ascertained 
Miocene age. In this communication these must remain merely bsild 
statements requiring corroboration : but 1 intend, as I have said, to 
go. so fully into the matter at a future time, that it would beuseh'ss 
to do so imperfectly now. 

1 will now' proceed to describe the actual localities wh(‘nce the 
plants are obtained, so that the conditions under which they have 
been preserved may ])o realized. The Ballypalady locality has been 
described to thib Society, and I therefore content myself with a 
reference to it almost confined to points previously overlooked or 
where my interj^retation differs. The Clenarm mine has only l>eon 
described at second-hand and from recollet tion, owing to its having 
been inaccessible for many \ ears, and no account of it has been laid 
before this Society. The Lallanto} beds have only uelded an insig- 
nificant number ot plants, and are therefore not of ver\ groat interest. 
The Louffh-^seagh beds, on the contraiy. are of such vast extent and 
thickness and so little is known regarding them,t}iat I have thought 
it well to collect all the actual obseivations J can find on record 
likely to assist in determining their age. Hull and Kinahan unite 
to consider them Pliocene ; but it will beseem that some of the older 
writers agree with members of the Beltast Eicld (’lub, es])ecially 
Messrs. Gray and Swanston, in considering thenr age to be contem- 
poraneous with the basalt ; and this view' I do not hesitate to uphold. 
Finally I have thought it u-seful to add, for comparison, some notes 
taken during a tw'o days’ visit to Ardtun Head in Mull. 

Before going further, I cannot help calling attention to the re- 
markable 8up])ort the physiography of this district lends to a theorj' 
I have sometimes advocated, namely, that th(‘ addition of weight at 
any given spot causes a d(*pression of the' earth^s crust in some degree 
equal to this addition. The basalt fierms a high jdatoau on every 
side except towards Lough Neagh. Here th(‘re is an area of at least 
40 square miles of accumulated sediment w'liich has been bored to a 
depth of 300 feet without bottom, and here* only are the basalts 
dragged down, as if were, to beneath the sea-level. I have* further 
showm that the tlieor\, pushed to one of its logical conclusions, de- 
mands a slight nptilting of coast-lines and that cliff's should have an 
inland dip. A glance at the arrows on th(' (leologiea 1-Survey map 
shows that the dips are invariably in accordance wdth this theory, 
falling away from the sea with every point of the compass demanded 
by the shore-contours, producing anticlinals on the opposite sides of 
Bca-loughs. Again, though the lofty shore dips inland as usual 
opposite Rathlin Isle, the strata are exactly reproduced there on a 
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lower level and with the same dip, a repetition that conld only occur 
through subsidence. 


The Ballypcilady Leaf -bed. 

The beds were first exposed in a small railway-cutting about a mile 
north of Templepatrick station. A quarry was subsociuently opened in 
them in a ravine a few yards to the south, and has been worked some 
200 yards oast and west, with a depth of about 25 feet. A massive 
basalt dyke B('parates it from the cutting, so that it is impossible to 
say wdiothcr the section on the higher level is an upthrow of the 
beds seen in the quarry or a higher portion of the series which 
sliould be added to its thickness. Tlie total thickness is in any case 
unknown, as the (jiiarry does not expose the base. The beds are 
laminated, indurated, ferruginous earth, fine breccias of altered 
volcanic material, and tliin scams of lignite irregularly deposited 
and somc\^ hat twisted. The prevailing colour is an ochreous brown. 
The breccias, though coarse, seem wholly free from any mixture of 
the older rocks, and contain neither flint nor lime derived from the 
Chalk. 

The plants do not appear to be confined to any particular horizon 
or patches, but are distributed, in more or less perfect preservation, 
wherever the matrix happens to be sufficiently compact, and fir- 
cones arc found even in the breccias. The ])od8 have hitherto been 
sup])ORed to 1)0 lacustrine ; but the coarseness and brecciated nature 
of some of th(‘ layers, and their irregularity, indicate the bed of a 
shifting river subject to variations in volume. The width of the 
di'posit cannot be ascertained : but in the cutting about a quarter of 
a mile to the south t]i<‘ beds seem possibly Geyserian and to have been 
subjected to great ht‘at. Their horizon has b(‘en determined by the 
Geological Survey at some ()0() feet from the base, and 400 feet from 
the toj) of th(^ basaltic formation. 

Iron-ores, boles, litliomarges, and pisolitic ores are widely distri- 
buted through the basalts, for the mo^t part on one horizon, but are 
destitute of all i)lant-r('mains except wood. They are unfortunately 
nowhere fossiliferous except at Ballypalady : but as the section there 
is not comjdeto, it may be useful to supplement; it with one quoted 
in the ‘ Guide to flellast ' by the Naturalists' Field Club, p. GO, at 
Belumford, Island IVIagee. Hero the pisolitic ore averages about 
18 inches thick, the aluminous ore varies up to 5 feet thick, and 
the lower or lithomarge bed is sometimes found as thick as 40 feet 
or more. 


The Olemrm Leaf-bed, 

This bed occurs in the iron-ore and bauxite mine of Libbert*, 
about a mile in rear of Glen arm, and about 700 feet above the sea- 
level. The Chalk crops out in the road, and the basalt a little above 

* The mine was full of water and quite inaccessible for some years past, 
until I had it drained and reop^ed. 
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it ; but the rest of the hill is masked by Boulder-cIay. The horizon 
of the leaf-bed must, however, nearly approximate to that of 
Ballypalady. 

The adit is level, and after piercing about 30 feet of Boulder-clay, 
reaches a compact sandy clay in which the plant-remains occur. 
Beneath this is an indurated micaceous sand, the base of which is not 
exposed, so that its thickness cannot be measured. The miner 
whom J employed stated that the base was lithomarge, but he did 
not know how deep down this occurred. The h'af-bed itself occurs 
at the angle of a cross-cut and does not reapjx'ar on the opj) 08 ite 
faces : it is bounded on one of the remaining sides by the Boulder- 
clay, and on the other by a slight downtlirow, so that its superticial 
extent is very limited. Tlie bed is about six feet thick, but ^\ ell- 
preserved loaves are contiiu'd to about one foot, where Ibo matrix is 
whiter and more laminated clay. The rt‘st of tin' bed is greyer and 
more sandy, and contains dark and ill-detined im])ressions leaves, 
limbs, and trunks of trees, and extend" a considerable distaiu^e into 
the mine. Above thih is a singular conglomerate of well-rounded 
pebbles of vorj’ hard clay in an eqjially indurated paste. The 
surfaces of these j)ei)l)les are hen* and there polished and striated by 
pressure, and darkened so that they exactly r(‘send)]o Hints to the 
eye, Thi& conglomerate is succeeded as w(*ll as soinotinu's replaced 
b}' coarse quartz-grits, the grains )»eing always cemented by the 
same paste. These and tlie gnw micact'ous sandy clay are at least 
30 feet in thickness. The li.iuxite rests upon this and also coiitains 
masses of lignite and lignitized wood. l)('cper in the mine it 
becomes blotched ^\ith red and gradually paste's into an iron-ore, 
which also overlies it, and which, \\ith a band of lignite, completes 
the series of sedimfiitar} deposits np to the basalt. The lower parts 
of the deposit were undoubtedly formed by running water oi* some 
swiftness ; but the u]»por parts (tlie lignite, the bauxite, and iron-ore) 
are the results ot more tranquil dejiosition. The bauxite nla^ bo 
the finer residuum from tlie decomposition of granite, or of basalt, 
with the iron <kc. r« ‘moved by some natural proc(‘Hs : but it is 
evidently not (byscrian. as the bauxites of France liave been 
surmised to be. 


The BcdVnitoy Leafdted, 

The leaf-impressions are found in compactly laminated lignite, and 
the leaves present a somewhat glisbuiing surface in contrast to the 
dull black of the* matrix*. Wood-structun* is also well preserved, 
and can be recognized as coniferous. 'J'lie lignites an* here directly 
overlain by the basalts, but rest on carbonaceous clay with rootlets 
in the usual manner. Their thickness appears to vary from 2 to i3 
feet ; but they are, in places at least, separated into two beds by 
inteirening clay. The beds extend for some distance, and the 

* Traill mentions the occurrence of plants in the clay under the lignite, but 
I have not myself eome across any in this position. Uo places the lignites of 
Ballintoy at some 30 to 40 feet above the bole. 
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formation appears to be the most extensive of its kind in Ireland. 
Ballintoy is on the coast, a little east of the Giants’ Causeway. 
Lignites occur in many other places within the basaltic area, and 
occasionally present themselves in the escarpments all round its 
borders. In no other district, however, have any defined leaf- 
impressions been detected, and their interest is therefore purely 
stratigraphical. Wood in a very interesting state of preservation 
is obtained from the neighbourhood of the Causeway. It is very 
fibrous, of reddish rust- colour, and almost satiny sheen. The 
whole tissue has been ro]>laced by oxide of iron, leaving every 
detail of structure in marvellous preservation. Mr. Carruthers 
kindly examined it with me and concluded that, unlike all the 
silicilied wood we have yet seen from Lough Neagh, it is of pine and 
not cypress wood. A coiibiderable bed of lignite, stated to be six 
feet thick, crops out in the grand section above the Causeway, and 
there are ochreous earths at several horizons ; and even so far back 
as 18»‘1G Nasmyth found what he took to be charred branches of 
trees in the red haematite there At a place called Lemeneigh the 
lignite is overlain ])y compact reddish earth ; and in the not distant 
bauxite-mine the lignite, five feet thicX, is directly overlain by basalt, 
and rests upon impure bauxite with veins of lignitic matter, then 
purer bauxite, merging, as at Glenarm, into iron-ore. In the spoil- 
])ank here I found a single impression of a leaf; but though 
Mr. Swanston and T made every search in the mine, we could not 
find whence it came. The lignites, iron-ores, and bauxites are here, 
as elsewhere in Antrim, on practically the same horizon. 

The Louf/7i’-Xea(fh Fonnaiion, 

The lignitic series of Lough Noagli is very considerable, occupy- 
ing about 180 s(|uare miles, including the entire Lough, except the 
northern shore between llalLronaii and Sandy Bay. It has twice 
been bored near Anaghmore to a depth of about 2()0 feet t, at 
Portmore to 1240, and Dernagh to 1 73 without having in any of 
these instances been penetrated. Its total thickness can therefore 
only bo inferred §, 

Its com}>ositiou is similar to that of the Tertiary formation at Bovey, 
being a mass of alternating white, brown, greenish-bluej and red 
plastic chi) s, white and grey sand, with irregular beds of lignite. 
Judging from the composition of the series it seems probable that 
it may contain many fossilifcrous bands. 

The numerous writers upon it agree in placing its stratigraphical 
j)osition above the Chalk and beneath the Boulder-clay. It is also 
believed to rest on basalt throughout a great part of its area, but to 
ovcrlaj) and rest on the Trias in the direction of Ibrone. The only 
two points where it appears to have been actually observed resting on 

'Autobiography of Nasmyth,’ by Smiles, 188,4. 

t GrillUh, ‘ 2ud Keport of flailway Commission/ p. 22. 

if Hardman, ‘ Journ. Roy. Geol. Soc. Ireland,’ vol. ir. p. 17(>. 

§ Hardman, Expl, Mem. to Sheet 4r», Geol. Survey of Ireland, estimates then 
maximum ihuknesb at not less than 500 feet. Portlock’s Report, p.74. 
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basalts are in the Ballinderry river (where it is described by Portlock 
as “ alternate layers of sand and imperfect lignite, in fragments 1 to 
4 inches thick, 6 feet ; blue clay, no depth stated ; basalt) and in 
the Crumlin river* (where it is only 7 feet thick, 3 of which are 
coarse gravelly matter and 1 foot a bed with shells). Mr. Swanston t 
and others have shown that in this latter c'xamplc a drift with 
fresh-looking shells of t had been mistaken for the 

Lough -Neagh beds ; while oven at Ballinderry the section does not 
^em to have been accurately observed, and might bo in a redeposited 
mass. There is great probability, however, that a largo part of the 
formation may actually rest upon basalt ; but the view embraced by 
the Geological Sun^ey of Ireland and others, that tho entire formation 
is newer than the latest basalts, seems oi>posed to the evid(‘nce ; and 
the inferences that it is Pliocene, Pleistocene, and even practically 
the delta-formation of existing rivers, and intimately connected with 
the present lake, are, to my mind, wholly unwarranted. It may be, 
as at Bovey, that the beds are in placch, however, covered with a recent 
head. The position and ineliiiatiuii of the bods would load me to 
place them low down among the basalts, and in the Glcnavy river a 
mass of basalt all but rests upon them. This relative position lias 
been explaim*d ])y sup]>o^ing that the basalt forms an old ciiii-line 
against which the lacustrine beds UTminate ; but Mr. Swanston has 
combated those views, and believes the Lough-Ncagh Beds to be 
inter- baSiiltic. 1 think the further considerations to be brought 
forward support his belief. 

A question no less vexed, and inseparable from tin* other, is the 
age of the celebrated ])etritied wood ol Lough Neagh. 'J'he best 
recorded fact concerning it i*' the ott-<iuote(l statement of Biirton^, 
a resident and very careful observer, that there was a bank some 12 
feet high and ilO feet from ilie lake, at a j)laco called Aahaness, 
opposite Barn's Island, where a section was obtained by digging, 
in 1757, as follows : — ‘‘Tlie upper stratum was a bed of red clay, 3 
feet deep; the second blue clay, 4 feet ; the third black wood, 4 
feet, reposing on another stratum of clay. This stratum ol W’ood 
is of one uniform mass, and is capable of being cut w’ith a spado. 
Sometimes the wood will not easily break ; in that case it re(juir(^s the 
aid of some other tool to separate it trom the mass ; and may, if 
properly done, altbrd a Idock ot 20i>, 30<h or 400 lbs., wdiicli, being 
carefully examined, is found to consist more or less of stone 'J'liis 
statement is very explicit and is corro])erated by J)r. Seoul er. 
Professor of Mineralog} to the Hoyal Dublin {Society, who adds : — 

♦ Hardman, Geol. Mag. 187G, p. ood. 
f Swanston, ibid. 1870, p. t>4. 

} Mr. 8wanst(;n adds in a letter to me that the ])rcsen(*e of Furaininil'era 
with the Myttlus proven these* elav.s to Inivc bc*t*n of niHrine origin, and the jiro- 
aenco of gla(*iuted pebbles in the “3 teet of coarse gravelly matter " puts them 
into the drift. 

§ Kichard Barton, B.D., * Loctures on L. Neagh,’ 1751, pp. 5 k 130, also 
discussed at length in Portlock’s Bt'port, p. 75. 

II Rev. J. Bubourdieu, ’ Statistical Survey of the County of Antrim,' 1812, 
p. 187, BtAtes that the wood is often only partly stone, the brittle wood joining 
on in one oontinuous piece. 
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“ but to remove all hesitation on this head, a man was employed in 
digging till I could obtain both kinds of wood I was personally 
prepossessed in favour of the theory that the lignites were the true 
matrix of the silicificd wood, as I have mot with partially silicified 
cores to lignitizcd trunks at Htafholt, in Iceland, and CushendaU, on 
the Antrim coast. At my suggestion Mr. Swanston, F.G.S., and Mr, 
Stewart, F.L.S., both most able observers and much interested in the 
question, visited Lough Neagh on the 17th November last, and were 
fortunate enough to obtain evidence which I. think it must be admitted 
sets the question at restf. Their observations are as follows : — 
“Near tlie ferry across to Rams Island, on the level fringe at margin 
of the lake, a shallow pit has been sunk, and under about 18 inches 
of surface-gravel a comi)act bed of lignite has been struck, and several 
tons of it thrown out. The material is mostly woody, showing a 
distinct structure, and seems to have been a deposit of broken drift- 
wood. Mixed with it irregularly is a good deal of vegetable matter 
greatly broken up. Twigs can b(‘ identihed in it, but no leaf-form, 
although from its flaky character it would seem to bo mainly made 
up of decayed leaves. We became grcatlj' interested ; and on asking 
the fai-mor whether he had found any petrified wood in it, he told us 
that he had carted some of the lignite to his house for burning, and 
that the heart of the largest piece turned out to be stone, which he 
kept, and In was good enough to go with us to the farmstead and 
giv<» it to us. It was a jneco of veritably silicified wood. On 
examining the heap ho had carted, I came on another piece, possibly 
a fragment of the piece that had been burned, leaving no doubt as to 
where they came from. The pit has only been sunk to a depth of 4 
feet, the lignite being compact and undisturbed, but enclosing small 
patches of white plastic clay.” Mr. Swanston further observes that 
Barton’s descrix)tion is remarkably exact ; for after baling the water 
out of the X)ii, he set to work with a 8X)ade and dug into the mass. 
It required great efforts to force the blade of the spade to its full depth 
into it, as it was not of iniiform density, the wood being hard and 
the other vegetable matter more yielding. The lignite appeared to 
dip towards the Lough 10 or 15 N. or N.W. The lignites are 
also cut into at another point north of the Glenavy river, but the 
spot is at the present winter-season inaccessible owing to the high 
level of the water. It seems tolerably evident that the silicifying 
process only takes place where the lignite is of great thickness and 
the trunks large and compact. The wood is found most abun- 
dantly at Glenavy, where these conditions conspicuousl}' exist, as 
proved by records of borings in the immediate vicinity. Thus 
Donald Stewart t, employed by the Royal Dublin Society, says 
that at Portmore “ they bored through two beds of coal, or what 
is called black wood, 25 feet thick each, and a third 9 feet thick 
and 80 yards deep ; they bored 18 inches into a 4-feot stratum, having 

* Journal Geol. Soc. Dublin, vol. i. p. 235. 

t Letter from W. S. Swanston, 18th November, 1884. 

I Soouler, I, <?. p. 236. 

Q.J.G.S. No. 161. H 
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no more rods to go deeper.” A boring at Sandy Bay gave, according 
to Griltitbs * : — 


ft. in. 

Blue clay 10 0 

Black lignite mixed with blue clay 25 0 

Cla> 2 {\ 

Black lignite 20 0 

Clay 4 0 

Black lignite 15 0 


70 6 


The area on the Lough over which silicified wood is found extends 
from Lurigariiion to (xlenavy, a distance of 20 miles. IMr. Gray, of 
Belfast, has found petrified wood from the drift at (5)leraine, taken 
from a well in the Boulder-clay, 40 miles northward from the 
mouth of the Criimlin river. Also from the Boulder-clay in a decj) 
cutting at the back of the site for a niaii'^o at ('ullybaekey, 20 miles, 
and from a cutting in tlie Bouhh^r-clay torn road between Baudalstone 
and Toome, 10 miles north of the month of the Grnmlin. On the 
south side Mr. Gray Iuun only ohseiwcd it in the drift-gravels within 
the Maze race-course, 12 mih^^ K. ])y S. Ironi the same ]>oint. 

Lawrencetow n 4, 'vt luTe siliceous lignite has hi‘en toinid in trap, 
is 17 milevS south of tlie !ihovt‘ point. Mr. Gray also ealls altt'ntion 
to the fact that ligiiile like that of Longh Neagh cro]>s out at 
Dundrod, half way Ix'tw'cen ('niinlin and Belfast Th(‘se are 
outliers, and inten^sting as showing the extent of th(‘ dc])()sit before 
it was denuded. It is hardl\ possible tor the siliOtit'd W’ood to have 
travelled north during tin* * * § (ilaeial K]>oeli unless the ])li)sical features 
of the country w*eiv C(»nipletel\ r(*^(T.sed ; aial I believe it is a well- 
estahlislied tact tliat the mateiials in the I)Oul(ler-(4ay are deiiv(*d 
from the north ; and, if such he a<*ta:dl\ the ease, tluo'e is no (‘sea]>e 
from the eoiiclii-ion that the Lontrh-Neael! beds, or beds similar to 
them. onc(* had a irreater oxleiisiou by at least h> iiiih's in a 
northerly direction and have .siina* hei n mtiroly swept aw'ay. The 
view of their former greater extousiou linther snpjkorted by the 
fact that at Iternaijli, ])aiish of (’lonor, /'dr f nun ih. htmnddrii 
of the ]>eds were not penetrated tiirougli ])y a horc‘ 17»‘l 

feet deej) §. 

* Portlock'- p. Ko. 

t Li the I’roc. Beliast >i'utu?*<di-is I'lrld Club, Ullh Aiiimul Keport. IST.’i. 
]). .59, Mr. Gni} ‘ tin* occurrvnci' ol ‘.ileMficd \ ood in tln^hiNalt at 

LawTcncetow n. wln-n* tlicrc a l)*-d ol hi tin* hu^alt alK)nl 50 below 

thi‘ suriacc, and in tin*. tin re arc lau-rs ol wood cjjnrged \\it!» siliceous 

matter, and reM^mbling tin* wood erroin-oU'.l} .sujjjioscd to b. petnjied bs tin* 
waters of Lough Ne.igli. The lati *r is olo tbimd (jUile Imrd outside . ))ut 
W'lieu broken, portioiin of tin* inside are quil( soil ami tli»r(ms, like ligriile, and 
j)ass from .soft wood into compact stouc. tlie srinisibecoii'. ])ortions being 
almost identical with the bard portions of the Lawerencclown lignite.” Tins 
fact secnied to the aiitlior to 8iij)ply the connecting link between the siliciliod 
wwkIs and the basal tH described b\ PortIo<'k. 

} The abo\e facts, communicated to me b\ Mr. Gray, Jiave not previously 
been publislicd in tliin definite form. 

§ Hardman, Jouru. Koy. Ueol. fcJoc. Ireland, vol. i\. p. 17G. 
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To sot against these positively recorded observations, there is 
only the opinion that the wood may have been derived from beds 
included among the basalts which miylit be found in situ ; but the 
only wood hitherto so found at all resembling that of Lough N'eagh is 
in the state of oxide of iron, and belongs to Finus^ while the whole 
of a large series of Lough-Neagh woods examined with me by Mr. 
Carruthers is Cuprcssineous. The evidence, fairly weighed, seems 
altogether in favour of the interbasaltic age of the Lough-Neagh beds; 
and my own opinion now is that they arc of much the same age as the 
Lallypalady and other fluviatilc deposits to the north, and that they 
will be found to continue under some of the lavas. A thorough inves- 
tigation of the palaeontological evidence can alone, however, remove the 
question from one of inference to one of fact. [Mr. Hardman main- 
tained the age of the Lough-Xcagh ])cdb to be very recent (GeoL Mag. 
1870, p. 21()), but his arguments appear purely negative. He 
assumed that Hartoii’s stony wood was pyritized. that Griffiths's section 
at Sandy Hay transposes the eda} and lignites, that the deposition of 
the cla 3 ’s was posterior to the faulting and denudation of the basalts, 
that the real locus of the silicified wood is the basaltic lignites, &c. 
He also points todiflerences between them and tho])edatEallypalady; 
asks wdiy, if tliev ■were then in basaltic times, the basalts did not flow 
over them ; and illustrates his reading by two ideal sections in oppo- 
site directs iUs across the lake (Jouni. Geol. Soc. Ireland, vol. iv.). 
If these' assumptions and sections were correct, his interpretation 
would ])e the right one ; but otherwise the lithological difference is 
not greater than belw('eu the interbasaltic formations of Ballypaladj’, 
Glcnarm, and ^lull.J The Lough-Xeagh beds seem to have been 
formed near the southern limits of the basalt-flow’s, which are 
vesicular at Shan(‘'s Clast le ; hut they are in all probability to some 
extent o\erflo\\ed and concealed by trap towards the east. 

' The nodules containing the plant-remains are usually found on 
the shores of Sand} Hay only wTien the level of the Lough is low^ ; 
though, in company with ^Ir, Sw'anston, we obtained an iron- 
stone nodule wutli leaves in tlie Houlder-clay from the bank, and 
two others from the bed of the CJlenavy river. The plants 
these contain are most di\(Tsitied, though usually small-leaved 
dicotyledons wdiich at first sight seem of very modern aspect. On 
closer examination, howxwer, man} are found to be characteristic of 
the Knglish Middle Locene, and others of the Lower Eocene. Others 
are common to Hallypalady, to !Miill, and to Greenland. This 
mixture of types, so se]>arated elsewdiere, would be difficult of 
explanation, did the thickness of the deposit not wurrant the belief 
that it may have been continuoiisl} forming throughout more than 
one period of the Eocene. Mo^t of the plant-remains come probably 
from the higher horizons now^ exposed on the shores of the Lough; 
but some of those from the Houldoj-clay may come from much 
lower horizons in it. The flora, howxwer, is by far the most 
important link yet discovered between the Eocenes of England 
and those of high northern latitudes, and as such is deserving of 
most attentive study. 
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The Ardtun Leaf-hed, Isle of Midi. 

This is most accessible on the sides of a small ravine, and it 
consists there of a much squeezed, indurated, almost black shale, 
from two to throe feet thick, capped with a film of hard grey mud. 
Both above and below is hard rock, described by the Duke of Argyll 
as tuff. It seems to extend some 50 yards east, and a less distance 
west. Several other varieties of sedimentary rock come in and ac- 
company it in its eastward extension, among them a strong mass of 
current-bedded } ellowish-white river-sand. A little above it in the 
ravine is a mass of angular flints and mud, evidently the lesult of 
some sudden volcanic flood. Other beds in the ravine may contain 
vegetable matter, but I only recognized one tliat could be termed a 
“leaf-bed.’' The top film, for about half an inch, is pale drab 
indurated mud, and is interesting as marking a change in the condi- 
tions, and possibly a volcanic eruption. Less than a foot down is a 
useful parting of softer matter, which enables considerable blocks of 
the matrix to be lifted without difficulty. The upper stratum may 
be described as highly laminated shale, the cleavage-planes being 
formed by the surfaces of a largt‘-lobcd or cordate loaf, while in the 
lower and less laminated part a small oblong lt‘af is more sparingly 
distributed. The whole may have been a tine black fetid silt, such 
as often results from the overflow of a river when its banks are 
level. I saw no such regularity as that shown by the Duke in bis 
“ pictorial section of Ardtun. 


(For the Discussion, see the end of the following paper.) 
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13. The Tertiary Basaltic Formation in Iceland. By J. Starkib 
Gardner, Esq., F.L.S., F.G.8. (Bead December 3, 1884.) 

A grant from the Govornment Fund enabled mo to visit Iceland in 
1881, with a view of studying? its interbasaltic flora. I explored a 
considerable part of the island and visited ev'ery locality that I could 
reach where lignite had been mot with. I did not take notes of 
some of the localities whore my visits were hurried ; but the con- 
clusion I invariably arrived at was, that the sedimentary deposits 
in which vegetable remains are found, are situated among the glassy 
rhyolitic flows above the columnar series of basalt. The rhyolites 
are usuilly pale in colour, and with banded structure, but are some- 
times black ])ite]istono or obsidian. They cap the loftiest mountains 
of the district wc^t of Akreyri, and extend at least to Baula, a 
m iiintain in the same latitude as Snaefell, and possibly beyond this. 
They also occur on the east coast, though I did not roach any of 
them in that part of Teelind, which 1 only visited from the Danish 
mail-boat, whicli calls in many of the fitirds. I did not pay par- 
ticular attention to their thickness, but at Bandafell 1 measured 30 feet 
of white, pink, ivory-coloured, and black glassy lavas. The thicknohS 
is, 1 ])elieve, sometimes greater than this, and they are interrupted 
and overlain by smaller flows of basalt. The horizon is, however, 
certainly continuous, and marks a very definite stage or phase in the 
groat series of Tertiary eruptions w^hich extended from Ireland to 
Icel ind in Eocene times. 

I cannot yet present data to show how much younger this part of 
the leelandio series may be than the cidumnar division of the forma- 
tion in Ireland. Being near tlie southern limit of the flows, the series 
may have ceased to be formed at a far earlier period in Ireland than 
farther north ; and this 1 believe to be the case, as there are no frag- 
ments of glassy lavas in the Boulder-clays of Ireland. Denudation 
may, however, have swe])t very much of tlie basalt away. There is no 
base to the* format ion eximsecl in either Iceland or the Faroes, and we 
arc therefore ignorant of its total thickness : but some of the moiiu- 
taiiis reach an altitude of ()O0o feet, and arc still within its limits. 
Iceland, like Ireland and Scotland, has also suffered very great denuda- 
tion. The mountains of the north and east coasts average some 
20t)0 feet in height, and are entirely eroded out of horizontal sheets 
of basalt. The valleys radiate towards the sea, and many form fiords 
of considerable size. On the east coast especially, the only remains 
of the liigliest layers of basalt are pinnaedes or columns along the 
mountain tops. The mountains are 'wall-like and continuous, with 
few lateral openings of no great breadth, and flat-topped in most 
regions. Their sifles are precipitous, excej)t w’hcre masked by 
talus. Glaciation is very consjneuous, and every valley is occupied 
by a rushing torrent fed by the melting snows of the interior, so 
that travellers cannot proceed on foot for any distance, except to- 
wards the interior. TJie rarity of dykes is ono of the most noticeable 
features of the basalts ; on one occasion 1 only observed ono in a 
(i.J.G.S. N0.1G2. I 
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journey of 30 miles along one of these mountain walls. The oldest 
basalts are not columnar, and are very compact. The whole series, 
up to the rhyolites at least, was spread out in vast and almost hori- 
zontal sheets, and 1 saw no indications that any were submarine, 
except some of the newer bods towards llejkjavik, which occasion- 
ally contain sea-shells among the indurated tiitis. They are utterly 
different in appearance from the recent lava-flows, which always 
follow the directions of valleys or w^ater-courses, and it sc'cnis im- 
possible that they could ever have been eru])ted from craters, no 
matter of what magnitude. The recent volcanic eruptions arc as 
utterly independent of the Tertiary system of eriij)ted rocks as an 
outburst ill Ireland, at the present moment, would be indej)en(lent 
of the basalts there. They are all Postglacial and frc'sh-looking, 
while the Tertiary rocks have been, witliout exception, eroded on a 
stupendous scale and subjected to iee-Jiction. 

As w'ould be expected, from the fact of their being on sueli a 
different horizon, the fossil plants of the leelandie I’ertiaries differ 
very essentially from those of Ireland and Scotland. The Irish 
plant- beds are all below the horizon of tlu' columnar basalts, and 
from their similarity to the flora of the Jfe(‘r.sian staL^i* of (ielindeii, 
in Belgium, they cannot be assii^ned to a later date than tho older 
Eocene. The Mull flora, on the contrary, is situated abovt* some of 
the columnar basalts, and luis already lost the ileorsian character- 
istics, but is still probably of Lower Eocene ago. The Icelandic plant- 
beds are very much newer, and might, from their geniTal character, 
be assigned to even so late a stage as the Miocene. Some 40 species 
are recordt'd, but tliere are only a fc>v that seimi fo rest on a sure 
basis, among them being and Avn\ 1 was not fortu- 

nate enough to bring back any extmisivo collections, Imt I have had 
an opportunity of examining, at Copenhagen, those that (‘xist. 

Notwithstanding this comjiarative failure, I do not f(*el discou- 
raged, but firmly believe that very great results in tliis (lirccti«>n 
might attend another visit, especially to the ii(»rtli-we>t peninsula, 
to which I liave not yet been. Had 1 been jirovided wdth a tent 
and stores, I might have made longer stays on the sj>ots w’Iier(‘ plants 
are likely to occur. Sir Jo>eph Banks, in his ‘ Leltiu's on Iceland,’ 
17^0, p. 11, speaks of jietrified leaves at Reikmn, some of wdiich, in 
black shale, were 1>rought liome. Two localities on tlie north-w'cst 
peninsula are mentioned in the ‘ Flora foss. Arctiea,’ vol. i. lu 
(llafsen’s * exhaustive account there is a precise description of the 
Surturbrands of Bardostrarid, associated with wdiich is a b(*d of greyish 
slate divided into lamime from 3 linos to ^ an inch tliick, and von- 
tainiug leaves, among w’hich oak, birch, and w illow were easily distin- 
guished. Besides these there wjre leaves as largo as the jialm of 
the liand, which had preserved their minut(*.st venation. Tho leav(*s, 
he says, could wdth care be removed entire, though as thin as pajier! 
Nine other localities for lignite in this region are mentioned, several 
of which must be worth investigating. 

[I called attention in ‘ Nature/ August 2, 1883, to two instances 
♦ Vol.ii.p.3<J3. 
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where great masses of relatively recent lava debouching from moun- 
tain valleys on to plains had produced a very sensible subsidence, 
leading to the formation of extensive lakes. In the case of Thing- 
valla the plain has sunk at least 10(1 feet, leaving perpendicular 
cliffs of lava on the slopes at its northern end, from which the 
central mass has been torn. These may possibly throw some light 
on the formation of Lough Neagh. J 

Husavix Marine and Fresuwater Beds. 

By far the most im[)ort}int of the sedimentary deposits connected 
with the basalts occurs on the coast 7 miles N.E. of Husavik, in 
N. lat. ]()', They rest upon basalt or a basaltic breccia. In 
approaching them from Husavik, the fir^t exposure occurs in a 
grassy cirque, named ilriiigver'>hujlft, or tho “ little round valley.” 
The escarpment is about 2o0 feet high, but slopes at an angle of 4o^', 
and its base is somewhere about IGU feet above the sea-level. The 
fossiliferous bods rest upon a ma^s of greenish grey cla 5 'oy material, 
succeeded by 20 feet of pale, more or less laminated sandstone with 
plant-remains. These ]>roved uiifoitanatcly to be all of a rush-like 
nature, much maccrared and utterly valueless, I'liroe feet of lignite 
followed, and then 10 h*«‘t more sandstone with similar plants, 
and then four bods of lignite in succession, each I foot thick and 

Pig. 1. — Cliff-SLction on coast 9 miles of Husavihm 



h. Bands of broken shells, with Cr/prtna, Aofceon, and Cardium, 
t. Continuous band of comminuted shells of variable thickno&s, average 
2 feet. 
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from each other, the first from the second b)’ 4 feet and 
the others by intervals of 8 feet each, of a more compact marl of an 
almost stony character. The whole is capped by 30 feet of sandstone 
withont plants. About a mile further east the lignites thin and are 
only four in number and of leas unifium thickness. The base is still 
formed of greenish, indurated, sometiines ferruginous, sandy clay, 
about 200 feet thick, passing towaidstho west into a basaltic breccia 
at its lower part. The lowest bed of lignite is 18 inches thick, and 
the other three 1 foot each, sfparated iosf)ectiveJy by 10, 12, and 
6 feet, and the up])ermo8t surmounted by 1-4 feet of matiix, tonui- 
nating with a eonglomcrate of rounded ])ebl>les. Half a mile bey ond 
this, to the east, the whole of the lignitt*fi dip below’ the sea-love*]. 
A mile further along the coast, at the angle of a ebine, is the boclioii 
shown in fig. 1. 

The fossilifeious beds rise ini md, and cannot he traced more than 
a few hundred yards iij) tlee cliine. They are nmeh faulted, — one 
fault up the chine liad a downthrow of 00 fe'ot, — most of the fault.s 
being in a N.X.E. direction or iicMfl} jKiiallel with tlie shore, pro- 
ducing sometiines an apparent o\erhing of the sliell-beds by the 
lignites (fig. 2), 

Fig. 2 . — FauH Cfwsinr/ S/uJKhrffs to ?e rfpparenfhf overlain hy 
IJyniUfij n ar lJumv'd, Inland, 

IV. 



a. Lignites. b. I ignite*! conetaleil bj debris, c. 8}ip]l-}>ed^ 

Much of the matrix, o'^pocially towards the hasc, is execedingly 
like our London chn. Tlie shtlJs occur in baiids, and jiartieular 
species are confined to pirtieul.ir lioii/on**. Across llie chine the 
beds almost iminedi iteh dip out ot h’glit (fig .‘Jj, and are succeeded 
by higher and unfossiliterous Inds, more coinjiact and indurated, and 
paler in colour. Ihese are uKo iinicli laulted. 

I ceased to take notes beyond the (’a])c, but I subsequently rode 
along the coast to the extreme point ot 1 jornes, wdnue 1 undeVstood 
lignites had been met witli; but for ten miles the unfossi lifer ous 
bed seemed to continue without i ii} change. 

I cndea\ cured to determine som<* of the species liy eomjmrisoii 
at the Jerrayn Street Miibcum, and suhniitted the list of names 
which resulted, and the specimens, to Mr. Scarhs V. Wood and to 
Dr.J.Gwyn Jeffreys, wdio very kin dl\ furnished mo wdth tho details 
embodied in the accompanying table. 

l>r. Morch, in the w^ork referred to above, gives a list of 58 
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species, at least 16 of which are of very doubtful value. I 
was unable to extract a largo fusiform shell, which was much 
cracked, and in an almost inaccessible position ; but I made a drawing 
with measurements, before attempting to remove it, and saved the 
greater pait of it. This can be reproduced when necessary. 



T)r. Gw}n Jeffic^s has some valuable remarks to make upon these 
fossils ; but as I believe that further specimens have been submitted 
to his inspection from abroad, I trust be will be induced to com- 
municato a paper on the subject, which I forbear in any way to 
forestall. 1 think, however, I should, for various reasons, be in- 
clined to assign a greater age to the deposit, from its general 
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■ppeuwiee on the qmt, than Dr. Gwyn Jeffreys may do, or eren 
than Mr. Searles Wood. The OMunrenoe of the fauna of the Bed 
with Ifediterranean species, so many degrees north, would 
dMpose mo to consider them as belonging to a somewhat warmer 
elima^ Md therctore presumably to a rather earlier period than I 
ahonld do if row-ting with the same assemblage further south, 
rhispar+ofthe country- is a tatile-land. with mountains some 
dtsunee inland, from which laro stn ams hare issued in relatively 
wwnt limes. Neawr llusaiik the ehfts an- of basalt and volcanic 
brew las, and to the wwi the phrfean is comjHwd of horir-ontal 
Iswa!^ with a thi.k alhiuat rappinir of bmm, ready to nroilucc a 
IwsI of 1 lU-nte It ever ag an overflow id hy b.v-i stream's. 

U t* iuij*M-.iblc, (tom the r'ia.-.t-M-('tion, in firm anv just idea of 
Xlw nn.it t* of in furin/ition to the Tertiiiry basnlts ; 

and t ho tit trrmi! uMoti ot itn nirr turinot, uiiiortiiimtidy, at 

throH atn iijtfiri thoir hisfor\, though j>rc4S4‘nting a 

pn>b\m (»f jndopoiub nt intt*r*«tt. 

i\ i* Mild «u*t nr IK if tho Kim'oI th*' rnonntiiins on tlic opposite 
m\v of the iiay, iatini: llu^aMk; and ihcct* do not present a 
basaltic contour, tbe} noirUl be wt»rlh inM‘Htij:alu)iu 


Tj VR51R ( ‘‘ short lakes ). 

About 2.”) miles dro south of Akre\ri n vnlh‘\ the sides of which, 
about 2()i)0 feet bi^li, are comiio^ed ot b.isalt, scareidy intei\secti‘d 
by any (3}kos. The coal leported to lie toniid here proved to he 
obddian. The rliyolitic hivas overlying the basalts form a very 
important scries at this ])oint. 


SvxDVJTXL (not tlie Sandfell marked on maps). 

This mountain is situated about 2o mih's S. of tlie Skaa:afjord, 
and 0 roile.s above Aliaer, tlie nearest fainiliouse, on the rivor 
Banda. The basalt is cohered In a clay bed with roothds a foot 
thick, succeeded by brown coal ])Ohsing into lii^nite, another foot, 
and then 150 feet of volcanic breccia, with large blocks of basalt 
imbedded towards the ba.se. TIhtc are tlu'n ^10 feet of ])ale tuffs, 
and a band of ]>itehstone decomposed into vertical needles overlain 
by pink and ivory-coloured bandid rhtolites, and finally basalt. 
This section is at- the angle f>f the tw’o valleys formed by tlie rivers 
Tinnaa and Banda; and, looking up the fornuT, tin,* pitchstone band 
is conspicuous between tlie lighter masses for at least a mile, being 
on the right hand at an elevation of about 0(H) feet, and at least 800 
or 000 on the left. Up the Banda the lignite thickens to »‘l feet. 

Well-preserved leaves have \oon oblain<‘d from the yellow tuff, 
add are now in the University Museum at Cojienhagen. Though 
I searched diligently, I was not fortunate enough to discover any 
bed with fossils worth bringing away. At tlie corner of the Tinnaa 
are magnificent groujis of columnar basalts, bent in many directions, 
and twice fanning out like the clam-shell cave at Rtaffa. Some 
fallen segments measured 3 and 4 feet in diameter. The pale- 
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coloured rhyolites reappear iu all the mountidxis at a high level as 
far as Akreyri, 

Hof. 

A few miles south of Godalir, at the angle formed by the first 
tributary to that river on its left bank, the section has been cut 
tlirough by the stream, and forms a perpendicular bank 12 feet high, 
in which arc over twenty layers of lignite separated by gritty marls 
and ferruginous hands, crowded with vegetable matter, with a soft 
sandstone at base, similar in appearance to that of Husavik. At 
12 feet a bed of lignite com})osed of compressed tree-trunks occurs, 
and tlien another, 3 feet thick. The bank then slopes at an angle 
of 30° for a distance of CO feet, still abounding in lignitic matter, 
when it is concealed by the greatly overhanging remnant of an old 
moraine. On the opposite, or south bank, the same beds are capped 
by columnar basalt. The plants again proved to be nothing but 
rush-like monocot} ledonoiis debris, with seeds, and probably remains 
of Ohara, The dip shown in both exposures (8.E. and N.) is 0°, and 
the formation is probably extensive. The diameter of the largest 
eompressed trunk I extracted was £0 inches : but this did not seem 
to be the full width. There were many large trunks in the bed 
of the stream, the branching of which suggested willows of large 
diin<‘nsions. 

In this neighbourhood, about 7 miles from Jlofsgil, a magnificent 
section of over lUCO feef in depth can be studied (fig. 4). It forms 
the side of one of the wildest conceivable gorges or canons. The 
precipitous and even perpendicular sides are composed of more or 
less columnar basalts, separated by partings of almost vermilion-red 
earth, whi(*li has stained them a reddish purple. Where the sides 
are not i)erpendicular, fragments of the old moraines, cold slaty 
grc}" in colour, cling to tliera, weathered into fantastic shapes and 
looking like ruined masonry. The torrent is just visible as pure 
white foam at the bottom. The section here reproduced is of general 
interest as showing the composition of the ordinary North Icelandic 
mountain from top to bottom. Its upper part, as viewed from 
across the gorge, forms a slo])c of from 50*^ to (>0°, and overhangs a 
tremendous iirecipice, so that it would not be accessible without 
gn'ut danger. Jt is evidently similar to Sandaftdl, not many miles 
distant; and that the black hand is really lignite is apparent from 
my subsequently picking up pieces in the bed of the river. 

This gorge was evidently at one time filled in solid with Bouldcr- 
clay or moraine, and enormous mavssos of rolled stones are spread 
over the valley below. The stones have been arranged into sharjdy 
defined terraces. A river entering from a valley to the east had 
accuniulatod an enormous mass of shingle, before the main river cut 
its way through and cut down at least half the area to a level of 
30 or 40 feet lower ; after which the rivers united and further 
reduced it as much again, affording an instructive example of terrace- 
formation. 

A better clue to the formation of parallel roads is furnished by a 
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small Talley, maiked PandklettaTatn, about lat. 64® 21', between 
Ke} kholt and ThingvalJa. It is marked as a lake m ithout any outlet ; 
but in August there was only a litile water at one end, the stream 


Fig. 4. — CUJP avd Favine alovt 7 nuhsfrorn llopiill, 
h( ttjh t ahovi J (H 0 J\ 1 1, 



a. Boulder-clay. a' Uoulder-clay Ticalbrn d into nrcliifcctural forms. 

b. I^aah. //' with partings o( hriglit nd and brown earth 

Bhvolitp. (/ Sedimentary rof Is, about l.’MMoet, i Inefly >ellow and 

drab sandstones, witii two irifc rcidated bands of bgnite, niarkid"##. 


connecting it with rkavutn leing also dry. Tho plain is level, 
destitute of vegetation, about three miles long and one broad, dosed 
in on three sides by mountains and on the fourth by a lavn-stroam. 
Its shores are regularly terraced all round, the terrtices being only 
2 or 3 feet high. It is evidi ntly a shallow lake for a great pait of 
the year, and the terraces have some connexion with tho rceuning 
formation and disappearance of a dam of snow or ice at its eastern 
extremity. 
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Hredevatn. 

This 19 a small lake in western Iceland, lat. 64*^ 41'. A bed of 
coal occurs in a romanlic ravine about 800 feet above the lake, and 
towards its northern end. The coal is but 18 inches thick, and is 
immediately under a bed of basalt, with yellow tuffs underneath it. 
It reappears in a p:ully 100 yards to the N. W., with a dip of about 
15^ to the S. W. The section is entirely overgrown and covered by 
earth, and would require much time to uncover ; but I exposed a 
bed of brown jiapyraceous shale, and underneath it a short brittle 
sandy clay, with rootlets and vegetable remains. Above the shale 
th(‘ro was ydlow tuff ; hut Several hours' search brought forth 
nothing in the shape of well-preserved leaves, though they are 
stated to have been found in the tuff at this spot. Another lignite 
or coal bed is said to occur four hours’ ride to the west. 

The coal is used for fiul, but is as costly to obtain, owing to its 
inaccessible position, as sea-borne Scotch coal. 

SrAFHOLT. 

This locality is a small promontory six or seven miles south of 
Ilrcdevaln, on the banks of the river, and nearly at the sea-level, 
'fhe point forms a low cliff, and does not extend beyond 50 yards. 
The matrix is a cojirse yellow brecciated tuff, in which trees of 
considerable length and girth are imbedded separately, and princi- 
pally on one horizon, only a few fe(‘t above the water. Smaller 
])ie(*i‘8 of wood lie above. These trunks aio partly in the condition 
of lignite, and ]>aitly imperfectly silicified, with their structure 
beautifully preserved. The deposit is much cut up by d\kcs. 

lIrscrssioN. 

Dr. (»WYX Jr.FriJEVs said his attention was called to the Icelandic 
beds with fossil shells by Prof, Steenstnip at Copenhagen in IbOO, 
and further material had been collected by the late Dr. Morch, to 

liosc memory as a conchologist the speaker offered his tribute of 
admiration. It was remarkable that among the shells there were 
very few Arctic species. It reminded him of the Moel-Tryfaoii 
assemblage of shells, among which temperate forms occurred in 
great abundance. 

Prof. Jrin) stated that the series of rhyolites brought from the 
noith of Iceland by the author consisted of stony rhyolites, 
exhibiting banded spberulitie and perlitic structure, passing into 
pitchstono and obsidian. Some of the rocks aro vesicular and even 
pumiceons, and tliey an* a‘«sociatod with obsidian- and pnmice-tuffs. 

Air. ErriKKiimK bore testimony to tho great perseverance shown 
by tho author in working out the Icelandic and Irish bods. Ho 
tliought tho collection of shells from Iliisavik was of the most 
interesting character. 

Tho Autuou said that many of the shells occur in beds of about a 
foot thick. Tho shelly beds are covered by great thicknesses of 
stratified but unfossiliferous ashes. 
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14. The Drift-deposits o/Colwtn Pat. Py T, MriLLVRD Reads, 
Esq., C.E., F.G.8. (Read January 14, IS^^o,) 

In a former paper* I gave a short sketch of the drift disclosed in 
the ballast-pit at Colwyn-Pay station; and as in Ft'bruary of I SSI 
I had an opportunity of extending my ohser vat ions over a larger 
area, I now propose to give an account of them. 

From C’olwyn Head to Rhos Point i^ a di'^tanee of about tlircc 
miles; and all along the shore, except where obscured by tlie Colwyn- 
Pay parade or gnissed over by tlie lailwaj conijiaiiy. are to be seen 
in cliffs excellent seetiona ot the drift. 

This diilt, extending b.iekward to the foot of the hills which 
sweep in a cuitc from headland to headland, rests ne irl\ wholly on 
the Silurian rock^, ref>re^entativ{\s of the AVcailock Sliale. 

Colwyn Head or Ptuimaen Cliffs, and Rhos Iknnt, are denuded 
remnants of the (\irbonifeion'>> Limestone, and near to eacdi ot tlK'Mi 
headlands the drift i^ seen to rest din'ctly on the lime done, th(*ro 
being no exi>o>ure of the underl) ing Silurians an} w here to be seen 
in Colwvn Bay, 


Fig. 1 , — Section jmt heijond the Cottage west of the Cohmjn-Bay Hotel, 



1. Grey Till, p«<*ked full of >»lone*», parll} feiluri.in Slri(c and Grits, and Carbo- 

niferous Lnnohtonc, 

2. Cream-coloured Till. 3. Sand. 4. Brown Bouldcr-clay. 5. Soil, 

The surface of the drift is remarkably level, excepting where it 
gradually creeps up the hills. Most of the houses in Colwyn Pay 
are built upon it. It is crcscent-shaped on plan, thinning out to- 

♦ Drift of N.W. of England and N. WaW, part ii. Quart. Joum. Gieol. Soo. 
Tol. xxxix. p. 111. 
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wards the outward curve, which rests on the hills, and thickening 
towards the Baj . 

Fig. 2 . — Section West of Jig 1, 



1 guv Till and 2 C reim Lolourtd lill as m fig 1 

3 '^aiid 4 Brown B )uldtr clay 

b J in ly liiumated Boulder cHv 6 Biown Boulder cli) 7 Soil 

The diift nia\ he roughly grouped into three dni&ions in ascend- 
ing order, as follows — 

1 BUnsh-i]) eif 1 ill (bod 1, figs 1 2), hard and tough, evidently 

com]K)sod of tlu comhintd gnuding^ or dceomposed particles of the 
{Silurian and liiiK stone rocks, and full of striated slat} locks, lime- 
stone, CWrhonikioiis guts, conglomerates, and trappean and ash 
rodvs common to Xorth M iks 

11ns lill IS not Msihle between the Coh^yn-Ba) station and the 
TO id under the i iilwa^ from Old Colwjn, but bctT\eeii the latter 
place and CoIwmi lit ad m i\ be seen a mixed gie^v and brown Till. 
It ma\ be seen on tlie foreshore opposite the (ol\\>n-Ba} Hotel, 
and lioni thence a])peirs at various ]H)mts, rising up in bosses in 
the cliff sections until "vnc reach Bhos \illiire It ma\ also be seen 
on the' foresliore ojijiosite the cottage of the hotel (fig. 1) 

From Bhos ])oint ^^cstw^rd, to the embankment across the marsh, 
it nn\ he traced \t one point hcic, 1 obseivcd a vcr> large lime- 
stone block imbedded in it The lill contmues from the west end 
of the embankment to the Little Oime's He id 

The buifaco ot the Till, Mhich e^e^'\whelo, excepting on the fore- 
shore, IS o\cilaiii 1)} the Bro\^n Bouldcr-el , piesently to be de- 
Bcribcd, possesses an iiiie'vcn denuded siiifiec', and is in places 
covered iMth a cream-coloured deposit picked with stones, appa- 
rently the wash of the Till below, one or two feet thick, as the case 
may be (2, figs 1 & 2) 

1 looked for granite boulders in this Till ; but though they were 
not unfreepK'nt on the foreshoro, 1 could not find any actually 
imbedded, but I had no opportunity of making an exhaustive 
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examination. It may, at all events, be averred that they arc not 
common in it 

At the cottage beftTC mentioned, between Colwyn-Bay hotel and 
Rhos, I noticed a large granite boidder on the shore, full of largo 
crystals of felspar, which looked uncommonly like grey Shap 
granite. The crystals of felspar did not, however, form protuberant 
knobs, as is often the ease with boulders of IShap granite. It is 
probable that it may be either 8hap or Cairnsmore of Fleet granite f. 

On the foreshore opposite the Colwyn-Bay hotel, the character of 
the stones contained in the Till may be readily studied. They are 
mostly slaty rocks, fiattish in form, and often rounded at the edges. 
The Till being of a very tenacious nature, tlie stones nanain firmly 
fixed in it, though their upper surfaces and sides are exposed by the 
denudation of the wavt's. The striations are distinctly to bo seen 
on most of the stones, though doubtless partly efiaced by the attri- 
tion of other boulders and shingle moved by the sea. 

It is really remarkable how they retain their ice-markings under 
the circumstances. 1 looked for signs of striated ])av(‘ments, but 
could not find any : t 1)C boulders are fixed in the clay at different 
angles, and the stones do not show striations in a parallel and uni- 
form direction. 

2. Loiv-hviJ BouJdi r-chin and (beds .S & 4, fig. 1 ; & Jl, 4, 

5, & (i, fig. 2b — The Chester and Holyhead Railway runs along 
the top of the drift near to the edge of the cliff, so that in places 
the railway company have made what formerly ^^a.s cliff into 
railway-bank, by slojdni? and grassing it over. For this rea^^on 
it is difficult to see ^\hat the bank is composed of near ColwMi- 
Bay station, but it ajjpears to me to be a continuation of the 
gravel, shingle, sand, and clay beds seen in the ballast -]»it. 

If this be so, it gradually changes into the Low-le\el Boulder- 
clay and sands Avhich overlie the Blue Till over tlio whole of the 
area described in this paper. 

This Low-]c\jel Boulder-clay and sands is evidently a mfirinc 
deposit, and contains shell fragments. There arc very few boulders 
in it; but in places a great many beds of shingle and gravel, which 
are, however, best displayed in the inland excavations, and at the 
sides of the brooks which run from the hills through the drift and 
across the railway to the bay. 

The clay is brown and decidedly sandy, and the sand-beds, often 
displaying current bedding, are W’ell developed, and form an im- 
portant feature in the drift. 1 believe most of the erratics on the 
shore come from this bed. Among the loose shingle on the sliorc 
arc to be observed many Kskdalc and grey Scotch granites, which no 
doubt have originally been derived from this group of beds. 

Inland Sections , — Inland on the north side of the road, behind 
the Hydropathic Establishment, is a largo brick-pit in this clay, and 

* Mr. Mackintosh says he “dug out of the blue clay two ])ebbles of Eskdale 
granite.* “Age of Floating Ice in Wales,” see Oeol. Mag. 1872, p. Hi. 

t See “ Notes on Rock-fragraents from the South of Scotland,* Quart. Journ. 
Oeol- Soc. vol. xl. pp. 270-272. 
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there are alrfo others near the Board Schools on the road to Llan- 
drillo-yn-rhos. Nearer Colwyn-Bay Wesleyan Chapel, on the same 
road, is a sand-pit. I believe the beds of clay and sand are disoou- 
tinuous, and occupy the surface without any particular order. 

3. Rearramjed Gravels . — A good deal of the drift surface, especially 
about Colwyii-Bay village and in the neighbourhood of the several 
brooks before mentioned, shows evidence of having been subaerially 
redisiributed. li is difficult to draw a fine line between these 
gravels and those undoubtedly belonging to the drift, especially as 
the surface-deposits had doubtless been previously rearranged or 
deposited during tlie emergence of the land from the great submer- 
sion. At the new station at Old Colwyn, which was being built 
during my examinations, the excavations showed a shaly gravel 
occupying the surface. 

Alliwimn . — A deposit of marsh clay is to be seen on either side 
of tlic ombankmont between Hhos and the Little Orme’s Head. It 
is ojdy a few feet tliick, and rests upon a few inches of peat, 
whicli again rests on the brown Boulder-clay.” The surface of 
the Low-level Boulder-clay is at its minimum elevation at these 
])oints. I was unable to measure the heights of the cliffs, but I 
should judge that the railway was at an average level of about 40 feet 
al)ove the shore of Colwyn llay. Towards lihos the surface-level of 
the drift de<;linos to near the shore-level. Beyond the embankment 
towards the Little Oruie’s Hoad it rises again to a considerable 
height. 

latioa . — The sea has evidently cut into and washed away a 
great deal of the drift, hence the formation of the cliffs. The 
Dingle ” at Colwyn Bay, and the valley or gully in which runs 
the brook from Old Cblwyn, arc very deep narrow cuts in the drift, 
1 attribute their depth and comparative narrowness to the geolo- 
gical recency of the denudation of the coast, which has brought the 
“ base level of erosion ” nearer to the hills, and so, hy/iiiickening the 
grade of tlie streams, has euabled them to do more work vertically 
than horizon tally. 

Conclusion, 

It now remains to consider what light the foregoing facts throw 
ii])on tlie difficult quest ion of Glacial geology. 

In the first ]dace 1 may observe that in few sections is to be 
seen so clear a line of demarcation between two beds of drift as 
exists here between the grey Till and the brown Boulder-clay. 
This arises from the fact that the clearly marine Low-level 
Boulder-elay,” and the typical “Till” are in juxtaposition over a 
comparatively largo area. “Till” is evidently a deposit the 
materials of which generally have not travelled so far as those of 
the Jjow-level Boulder-clay. It is here, as elsewhere, largely, if 
not altogetlier, made uj) from the local rocks, the slates, shales, 
and limestones, and it is no doubt the great (juaiitity of carbonate 
of lime in it that makes it set so hard. At Ponmaenmawr, to the 
we: 5 t of Colwyn Bay, and out of the limestone district, I had an 
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opportunity of examininp^ in the foundations of the British Schools, 
of which I happened to be the architect, the Till lying on the hill- 
side. Here and all about Penmacnmawr, after getting below the 
surface-affected portion, it was a hard grey Till full of large 
boulders and stones which were generally more or less rounded and 
waterworn. I noticed one slightly striated. Tlu'se stones were so 
large and hrmly imbedded that they were used in some case's for 
the foundations, being built into the walls without removal. The 
Till at Colwyn Bay is bluer, more edayey, and of a finer texture, 
and contains not nearly so many large boulders, though the total 
bulk of the stones in it may not be very dissimilar. Vecording to 
my experience, true Till is rarely, if ever, found except in the 
n ‘ighbourhood of mountains or quickly sloping ground. In tlie 
present iIi^tance, I am inclined to believe that it has been forirn'd 
by ice and snow dc'^couding from the mountains and accumulating 
the disintegrated matter at the foot. It does not appear to be tlio 
ground-moraine of a lii]l-and-\ alley-ignoring ico-sheet, as tlie eoii- 
tained stones lack the definiteness of direction one would expect to 
result from such an agency. It is bctt(‘r to admit that we are 
largely ignorant of the various modes in which land-ice a(*ts — its 
effects, with onr limited know’ledge, belonging more to speeulation 
and theory than to fact. 

Bo this as it may, when we come to the overlying dejiosit of 
brown Boulder-clay, no such difficulties occur. It is undoubtedly 
an aqueous-marine deposit, and ])art of the extensive sheet of Low- 
level Boulder-clay and sands which occu[)ics all th<‘ plains of tlie 
North of England, from the margin of the mountains to the coasts 
of the Irish Sea, and, skirting the coast of Wales, here and there 
intrudes upon the lower valleys. With the exception of the jiortion 
of this deposit which apjiroaches the limestone headlands, \^here it 
is mixed with the detritus therefrom, the extensive sheet of drift, 
which I have described as lying in Oolwyn Bay, is composed to a 
large extent of travelled materi.ds. The sands and clays of which 
it is composed are not wliat the immediate co;ist or mountains could 
yield. It is, in fact, a de^K^sit almost identical with the sandier of 
the Boulder-clays near Liverpool, which are coni]>osed jiriiicipally of 
Triassic debris, mixed with travelled and striated rocks. I have jirc- 
viously stated “ The sands and clays of Colwyn are evidt'i'tly derived 
from the Triassic rocks of the Vale of Clwyd ” This further and 
more careful examination over a large area has confirnied me in this 
opinion. Four and a half miles east of Old (Jolwyn, the Triassic 
sandstones set in and extend eastwards a distance of nine miles 
across the mouth of the Vale of Clwyd. Mosl jirohahly thi'se 
rocks also extend seawards. The materials of whidi tho bulk of 
the Colwyn drift is composed, has in the first place jirohably been 
worn off the Triassic sandstone by subaerial agencies, including 
under that head ice and frost, and has worked gradually down the 
valley, it may be, to tho plains now occupied by tho Irish Sea. On 


♦ Quart. Joum. Geol. Soc. vol. xxxix. p. 118. 
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the gradual submergence of the land, this material lying in the Vale 
of Clwyd, reinforced by other material continually being worn off 
the rocks, and working seawards, has washed round the coast 
towards the Little Orme’s Head, and become mixed with other 
material washpd up from the sea-bed and with argillaceous matter 
from the underlying Till. No ice-shoct will account for this drift. 
It is evidently a marine drift. The I^skdale-granite boulders which 
it contains must have travelled to where they lie by floating ice ; 
for many of the boulders have come from the north, while the sands 
have been derived from the east. At all events, if this be not a 
true explatiation, all the complicated machinery of at least two ice- 
sheets will have to be invoked. This appears to mo to be un- 
necessary, espceially as it would not explain the structure of the 
diift, which bears internal evidence of aqueous deposition. 


DiscufeSiox. 

Mr. "W. W. Smyth remarked on the interest of this paper, as 
these beds of ('(dwyn Bay are evidenlly connected with the drift- 
deposits of the Vale of Clw^d, proved to he of great thickness in 
coaLborings at lUiyl. On the other hand, the classic deposits of 
!Moel Trvtaen might also be connected 'with the same deposits. 

j)r. Hindi: pointed out that Till, iindistinguishable from that 
in Wales, covers exteiiMve areas in Noith America, far away from 
any mountains, and that consequently these are not essential to its 
formation. 

Illr. WiiiTAKKK boro witness to the great care with which 
Mr. Keade woiked out his results by tracing the region from which 
the diiferent stones came. He himself hardly understood the dif- 
ference l)ctweeii Till and Boulder-clay. 

Dr. Hicks said that in the Vale of Clwyd we havp three stages; 
— local (le]K)sits of gravel, mariue sands, and widespread Boulder- 
clay. He thought that, the Boulder-clay was formed by a mixture 
of local materials and ice-bonie blocks. 

Hr. TornFA' pointed out that the main interest attaching to the 
paj)er arose from the care with which the section had been recorded 
and the origin of the ditferent materials traced. The succession of 
beds describ(‘d was that generally to be seen in the JiTorth of Eng- 
land, where the drift-deposits are well developed. In Northumber- 
land and Durham the middle sands usually occur in greatest force 
near the old preglacial valleys. 

Prof. Judd, in the absence of the author, further explained his 
views as to tlie distinction, character, and relations of the Till and 
Bouldcr-clay of the district. 
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15. Notes on Spkcii'S of Puyllopora. and Thamniscus from ih?> 
Lower Silurian Pocks near Welshpool, Wales. By Gjjoroe 
lloBERT Vine, Es(]. Communicated by Prof. P. Martin Buucaii, 
F.R.8., F.G.S. (Read December 17, 18S4.) 

Mr. G. W. Shrubsole, in a paper “On the Occurrence of a new 
Species of Phifllopora in the Permian Limestone’’*, remnrkvS that 
‘‘ the genus Phiflloj)or(i has as yet been but imperfectly worked ; its 
rarity in the more recent and its iinjwrfect preservation in the older 

rocks go far to account for this In the Lower Silurian rooks 

PhtfUopora is most abundant. There arc at least two distinct species, 
if not more. The preservation of the remains in these beds is most 
unfavourable for exact work, occurring, as they often do, in coarse 
a'>h or shale, and distorte«l by cleavage.” 

In the collection of the School of Mines there were t several 
specimens of Pht/Uopora catalogued and labelled as such, wdiich I 
was allowed to examine when collecting material for my Second 
British Association Report on Fossil Polyzoa. The sj)ecirn(m.s from 
the Lower Llandeilo rocks arc the common forms, generally 
designated liHepora by early authors. One sj)ecimen is in the 
Wyatt-Edgell collection, and we have only the reverse asj)ect of the 
form ; but in places where the branclu*s are worn the cells can bo 
seen, not sufficiently, bowewer, to enable us to make out tbeir cha- 
racter. The fouc^trie are oval or irregular, brauches anastomosing, 
conscMjucntly without (lissc]>iinents. 

In the Garadoc scries of fossils of the same collection, several 
specimens are labclh*d, and also catalogued, Jis Pli>/flopi>ra I/Ui/i(/en\ 
M^Coy, and one, belonging to the Wyatt-Edgell collection, is cata- 
logued as J\ ornftta^ MS. Generally speaking, all tbes(‘ forms arc very 
indistinct or ill-preserved. In a box with one S])ecimen ( s'*,, (’asc; V) 
labelled Phpllojwra ? ]linn'/en\ M‘(’oy, a siiiull j)()rtion of the 
zoarium of PHepora vellvlam, Linne, is placed for the ])ur])ose of 
comparison. The Lower Silurian fossil is from Ro])cslon Watiien, 
Pembrokeshire. I have several specimens of P, M‘(V)y, 

in my cabinet ; for it is the nio-»t common of all the forms found in 
the Caradoc or Bala beds ; but it is only by careful maiiijmlalion, and 
adjustment of light, that the cell-htrurtures of these s))eci(‘s can be 
made out ; and even then not much de]>end(mce can la* pla(*(‘d ori tl.o 
diagnosis. In the Lower Llandovery beds one s])ecin]en is marked 
and catalogued (op. cit. p. 04) as Phtj/lopora^ sp. Besides these I 
have no other knowledge of species of the genus found in tlio 
Lower Silurian rocks in Britain sufficiently characteristic to bo 
individualized. 

In the beginning of August, 1 884, !^^r. J. B. Morgan, of Welshpool, 

* Quart. Joum. Gool. Soc. vol. xxxviii. pp. 347, 348. 

In ]H81. See Catalogue of Mus. Tract. GeoL, Cumbrian and Silurian 
fodsils, 1878. 



iiOWEB siiitmuir books nbas vblshpool, wauss. 109 

sent some fossils to Professor Lapworth for identification. Amongst 
them were some Polyzoa. These Professor Lapworth asked Mr. 
Morgan to send to me, and their study has enabled me to throw a 
little light on essentially characteristic features of at least one Lower 
Silurian species of Phyllopora. This is clearly not the P. Hininrieri 
of authors, and I shall be compelled, much against my wish, to 
charactei i/.e it as new. 

Fig. 1 . — Portions of Phyllopora tumida, sp. n. 

(Enlarged 6 diameters.) 



A. Poriferous surface. 

13, Interior of uou-ce’luliferous face. 


1. Phyllopora. tumida, sp. n. Pig. 1. 

Zoarium an open net- work of undulating branches ; base and 
general dimensions of zoarium unknown, branches anastomosing, 
apparently thick, occasionally tumid, and varying in breadth from 
one tentli to one twelfth of an inch. Fencstndcs oval or irregular, 
sometimes less, but occasionally rather longer than the breadth of 
the branches. Zom-ia tubular, short or stunted, cell-mouths circular, 
prominent, with a rather thick peristome, from four to five arranged 
diagonally in the branch, lleverse, on account of the peculiarity 
of its preservation, indistinct. 

Horizon and Ijocalitt/. Caradoc beds ; AVern-y-seadog, Llanfyllin. 

Cabinet. J. 11. Morgan, Esq., Welshpool; 2 specimens. 

I have been fairly successful in drawing a portion of two branches, 
on which the cell-characters are pretty distinct. The specimen 
from which the di awing is made is rather more than half an inch 
sijuare ; it contains a))out twenty-three perfect and imperfect 
fenestrnles, and nearly the whole of tho branches are more or less 
covered with cell-apertures (fig. 1, a). In places where the cells are 
worn the tubular prolongations are seen, and, judging from the 
peculiarities of the form, I should not imagine that tho branches are 
Q. J. G. 8. Ko. 162. K 
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thick. In places wlioro the whole of tho celLs are worn off, their 
former localization is indicated by wavy outline^*, :is shown in 
fi^. 1, B ; but 1 cannot trace any oil\cr s])ecial cliaracter <>1’ tiu' r(‘vcrHO 
than this. With the exception of the ]>ronnn(‘nt lips <'t the cells of 
the species, nearly the whole of the orii^inal oriranic nj<Miter of both 
specimens is re])laced by iron oxide; eon^ecjnently tlu' once livinji: 
form now a]>peais ujmii the shale as a dark brown liialde mass, 
Because of this, 1 am unable to fill in all the (h‘tails that art* ncce‘^Mlry 
for the full study of liOWfT Silurian species. If is tn he hoped, 
however, that the publication of these brief nf>tes may la* the means 
of hrinpn" to tho front other fosMls with the poriferous face 
exposed, rare tliough they may he. 

Prof. If. A. Nicholson has described one spc'eies of I*h}flh)pora 
from the Trenton Limestone, Peterboronjrh, Ontario*, and as tho 
Trenton Limestone is of, or about, the same a^e as our (’anidoe 
beds, the species is interesting for tho sake of e(»mj)arison. The 
Ontario form is named Jittepora yich., and tho fossil 

was only known to the author “ by several more or less imperfect 
specimens, from which some of the essential characters cannot be 
determined.’* There is no possibility of uniting the two forms under 
one specific name, l)ecause, even from tho characters w’hich Prof. 
Nicholson was able to draw up from tho best of his specimens, there 
are many differences between them, as a comparison of (ho two 
descriptions will show. Tlic Ontario specimens are better preserved 
than ours, and we learn from the description that the reverse 
aspect is strongly striated with wav)* or straight longitudinal stria'.” 
In the Caradoc species I cannot trace any other character of the 
reverse aspect than that already gi^en. 

Mr. E. 0. Ulrich describes + and figures one species (jf PhtjUupara 
in his .series of pajK'r.s on “ Am<*rican I’jiheozoic Hr}o/.oa.” This lie 
names ]\ ^arioIaUt, Ulr., hut he says the genus i.s represented by 
two species in the Uiiuinnati rocks, J\ varlohta and anotlicr 
which 1 believe is the same form that was de-eribed hy Miller and 
DverJ under llie name of /ntnearia clothrutuP The sjieeies found 
in our British rocks is relat<*<l to, but not identical with, Mr. Ulrich’s. 
In his species the cfdl-a]><‘rtures are arranged either in two bCries 
or thn^ alternating rows; int<n<ellnlar spaces thin, raided into 
small nodes wht^re longer; about fourteen ce)La]»eitures occupy the 
space of *l inch. Bram hes on iKiii-cellnlifi ions side smooth.” 

L^fcnUtp. ('ineinnati, Ohio, in strata liora loO to L*et above 
low*- water mark, in the Ohio river. 


There is another fossil in Mr. Morgan s collection that merits 
distinction and description, not mor<* on account of its |K*(uli/jrIy 
anti(pie character than on aerouiit of its mode of preservation in 
the volcanic ash in whieli it is imbedded. 

♦ New Palaeozoic PoIyz(>a, Ocol. Mac: Dec. ?, vol. ii p. 2, f. 4, 4 b, 
t Journal Cmcin. Soc. Nat. Ifist. Oel. 18h‘J, p. ItiO, pi. vi. f. 14. 

\ Contributions to Palaeontology, no. 2, 1878. 
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A. The Bpecimen, enlarged 2 diameters, 

B, G, D. Details more highly magnified 


2. Thamniscus antiquus, sp. n. Fig. 2. 

Zoarium apparently springing from a root-liko base, strong and 
thick towards the bottom, where several root-branches appear to be 
united, more delicate towards the younger or growing portion of 
the Eoarium. Branches frequently dichotomising, free. Zoceem 
tubular, shown on one side only of the branch. Tubular cells not 
contiguous, rather broad at the openings, gradually thinning out 
towards the axial region of the zoarium : cell-mouths, so far as I 
can make out, rather elongated, peristomes not prominent, reverse 
striated ? 

Formation. Imbedded in volcanic asb, probably of tbe age of 
the Bala rocks. 

Locality. Middleton Hill, near Welshpool, 

Cahinet. J, B. Morgan, Esq., Welshpool ; one specimen. 

This beautiful specimen, which I have drawn magnified about 
four diameters, is buried in volcanic ash, which is so friable that it 
breaks away with the least touch. It is very certain that it is the 
reverse surfcco that is exposed ; but towards the bottom the thick- 
ened branch is broken away, and the cells are exposed. The 
appearance of the branch at this part is shown in fig. 2, b ; 
but when more highly magnified the arrangement of the cells is 
seen to he pretty regular, and is shown in fig. 2, c. By extracting a 
minute fragment of the sj)ecimen from the matrix, I have been able 
to expose the poriferous surface, and this is shown in fig. 2, d. 
So far os I am able to judge by carefully manipulating this delicate 
fossil, I can almost confidently assert that the species now described 
differs considerably from the species previously described by myself* 

* Quart. Journ. G^eoL Soc. vol. xxxviii. p. 60. 

K 2 



112 G. K. TINE ON PHTLLOPOKA AND THAMJTISCFS PttOM THE 


and Mr. Shrubsole * as Tliamniscus crassus, from the Wenlock 
Shales and Dudley Limestone. 

Beferring again to Prof. Nicholson’s paper on “ New Palmozoic 
Polyzoa ” (op, r/V.), I wish to draw attention to two of his figures, 
because these have some resemblance to the present species. Of 
figs. 3 and 3 a in pi. ii. the author says ^explanation of pi. op. cit, p. 5), 
“ Fig. 3 . — Fenesti 11a Davidsoni, a small portion of the noii-porif crons 
side of the natural size. Fig. 3 a , — Portion of the same enlarged.” 
Both these figures appear to me (o be portions of a free-branching 
Thamnisciis, There are no fene.strules or dissepiments. Figs. 3 h 
and 3 c of the same plate, ‘‘ portions of tlie poriferous side of another 
specimen ” (Nich.), belong, so far as 1 can judge from the figures, 
to a dilTerent species, apparently a true Ftntsfella. I know Prof. 
Nicholson will receive my remaiks in the spirit in which they arc 
offered; my only desire in critieizing liis Ial)()urs is to bring out all 
the information that is pos^'ible in deseriljing forms still older than, 
but apparently g(‘neri rally related to, the Hamilton species described 
as Fenestdla Davidsoni by Nicholbon. 

Bange of Tjower-Silurian niifUoponr. 

1. Plnjllopora. l^ower Llandeilo. Cat. ]>. 20f, 

2. J/isinfjeri, M‘Coy. Caradoc. Cat. p, 44. From several 

localities. 

3. ornata, ( Wyatt -Edgell). Caradoc. Cat. p. 44. 

4. tumida^ Vine. Caradoc (fig. 1, above). 

5. varlolata, Ulrich. Cincinnati (iroup. 

clatJiratd^ Miller and Dyer. Cincinnati Group. 

7. Nicholson, Trenton, L. Ontario. 

8. sp., Lower Idandover}'. Cat. p. (>4. 

I give the whole of the forms known to me ; but T would advise 
the examination especially of those nimibered 1,3, and in tlic 
above list. Tlie U])per Silurian /Viy//o/yo/vr merit full description 
and illustration; but unhappily the reall) good specimens are not in 
my keeping, although ample materi<il is in existence in the cabinets 
of others lor the purpose suggested. 

Lower and Ujiper Silurian TiivMxisriD.E. 

1. Thamniscus mdapnis. Vine. Age ?, Bala beds (fig. 2, aliove). 

2. craffSifSj Jjon^dale. Wenlodv Shale, Dudley Limestone. 

3. rariohffa., Hall. Lower flelderbergj. 

4. nysa, Hall. Lower HekbsrbtTg. 

5. n//.so, variet} , Hall. I^ower JLddorberg. 

fj. fruticellay Hall. Lower Helderlierg. 

7. ‘1 cmeiSy Hall. I^ow^r llelderbcrg. 

♦ Quart. Joum. Oeol Soe toI xYx%iii. p 344. 
t Mua. Priict. Geol Catalogue. Hiliirum losrilft, 1878. 

1 Coral.s and Pry.>/o'iiH of the Lower-Helderberg group, by JamoB Hall. 
Albany, 1880, pp. 3f & 38. 
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Note on Lichenopora paocipora, Vzne. (Quart. Journ. GeoL Soc. 
vol. xl. p. 853.) 

Immediately after the publication of my “ Notes on Cretaceous 
Lichen oporidae,” Mr. Thomas Jesson, F.G.8., of Pulborough, wrote 
me respecting Z. imucxpora^ Vine. Mr. Jesson saj^s that it was ho 
who forwarded to Prof. Duncan the specimens described, and that 
the fossils were found in w^ashings from the coi)rolite-bed near 
Cambridge. In all probability Prof. Duncan had miblaid Mr. 
Jesson’s letter sent in with the fossils, and 1 am glad to be able to 
add the locality to the description of the species. 


Discussion. 

Dr. Hinde remarked that it was impossible to discuss the con- 
tents of such a i)apor as this without having either specimens or 
good figures to refer to, and he protested against descriptive palae- 
ontological papers being read before the Society without such 
adjuncts. 

The Cu AIRMAN (Mr. Carruthers) agreed with Dr. Hinde that it 
was very desirable that specimens should be exhibited if possible, 
but at tlie same time it seemed to him that the present paper had 
been carefully drawn up and would prove uselul. 
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1(>. The Bouldeb-Clats of Ltbcolbshire. Their Geographical 
Eaboe and Belative Age. By A. J. Jckeb-Browne, Esq., 
B.A., F.G.S. (Bead January 28, 1885.) 

(Communicated by permission of the Birector-Genenil of the Geological 
Survey.) 

Introduction, 

When I commenced the survey of East Lincolnshire, in 1877, the 
only connected account of the Bouldor-clay was to he found in the 
well-known paper by Messrs Wood and Borne*; and up to 1879, 
when I wrote a paper “ On the Southerly Extension of the Hessle 
Boulder-clay in Lincolnshire ” f, 1 saw no reason for doubting the 
propriety of their classification. 

The mapping of these clays by myself and colleagues during the 
subsequent progress of tlje Survey lias, liowever, ))ronght to light 
many facts ^hich wore unknown to Mr. St'arles Wood, and has led 
us to question the accuracy of his interpretation of those facts wliich 
were known to him. 

The classification of glacial deposits is always a difficult matter, 
and in Lincolnshire there arc s] ecial circnmstances wliich make it 
very difficult to ascertain the relative age of tlie several masses of 
Boulder-clay. 

Mr. Scarles AYood himsdf, though still adhering to the divisions 
which he first established, has considerably modified his views with 
regard to the correlation of the l.incolnshire Bould«r-clays. His 
original classification of tlie glacial scries in East Yorkshire and 
Lincolnshire, as published in 18(»8 t, was as follows : — 

5. Hessle clay. 

4. ITc.ssle sand and gravel. 

3. rurjde clay. 

2. Sands and gravels. 

3 . Basement clay. 

He then regarded the Basement clay as the equivalent of the 
East Anglian Upper Boulder-clay, and considen'd the overlying 
Purple and Hessle Clays as newer than any jiart of this southern 
Chalky Bouldcr-olay. In his last paper (1880) he takes a different 
view, and appears to look upon the Basement and Purple Clays as 
together representing the whole East Anglian series §. 

In both memoirs he insists upon the existence of a great break at 
the base of the Hessle beds, and even goes so far as to exclude these 
beds from the glacial series altogether, grouping them as Post- 
glacial, because they are bedded into the Wold valleys and because 
at one locality they happen to contain the sliell Cyrena Jluminalu, 

♦ Quart. Journ. Gool. Soc. vol. xxiv. p. 146. t Op. cit vol. xxxv. p. 397. 

i jxfc. cU. 

Quart. Jouru. GeoL Soc. vol. xxxvi. p. 527. 
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Fig 1. — Sketchr-Map of Ltncolnfihire, showing the range of the Boulder- 
days reduced from the m%ps of the Geohjioal Survey. (Scale 
about 12 miles to an mob ) 
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I propose, therefore, to set down some of the evidence which 1 
have obtained during the last six years, in order that the present 
state of the case may be properly apprehended, and that the links 
which are wanting in the chain of evidence, and the difficulties which 
call for explanation, may be clearly perceived. 

No one who studies the Lincolnshire Bouldor-clays can fail to be 
struck with the great differences between the two principal types of 
glacial clay which occur in the county ; they fall naturally into two 
groups — a brown series and a grey or bine series, which are not 
only lithologically different, but also to a great extent geographically 
separate. It will perhaps clear the ground if 1 commence by briefly 
sketching the range of these two types of Bonldcr-clay, leaving their 
points of contact to be considered afterv\ard8. The relations of the 
two members of the “ brown series,” namely the Purple and Hesslo 
Claj’s, will next bo discussed ; and in conclusion such inferences will 
be drawn as appear to be warranted by the facts described 

§ 1. The llamje or siqycrjicial Ed'Unsion of tlie Challcy Boulder ^clay. 

This type of Boulder-clay only occurs in the southc'in, central, and 
westcin parts of the count}. In the soutb-w (‘st, al)ont (’orby and 
Ponton, it is generally ol a light grey or gre}ish-blue colour, full of 
chalk and oolitic debris : beneath the Fens and northward along 
the central valley it is nhually of a deej) blue or blue-grey ; but 
eastward as it nears the (’balk Wolds it Ix'comes lighter and lighter, 
finally passing into an intensely chalky clay or marl of a jmrc white 
or yellowish-white tint. 

There can, I think, bo little doubt that those grey-blue and white 
Boulder-clays form ])art of the great sheet vhich spreads over the 
eastern Midlands, and which appears to be continuous with what has 
been termed by Mr. Searles Wood the Chalky Bouldcr-clay or Upper 
Boulder-clay of East Anglia. 

The mapping of sheets 70 and has disclosed certain ]>eculi- 
arities in the lie of this Boulder-clay "wliich deserve attention. In 
sheet 64 (south of sheet 7tt) spreads of Bonld('r-clay occur both on 
the lowest and on the highest levels ; and some of tlicse entering 
sheet 70 extend northward along the high ground by (Ircat Ponton 
and Somerby to Kelhy, a village about two miles S.E. of Ancaster. 
But from Ancaster and Sleaford nojthward to Lincoln no trace of 
this clay has l>een found along any })art of the tract oceuj)ie(l by the 
outcrops of the Jurassic strata. Again from Lincoln northward 
no Boulder-clay is found along the higher ground, though it is 

♦ For a full description of the Lincolnshire Boulder.clays and of the sections 
observed during the progress of the Geological Survey the reader is referred to 
the explanations of sheets 70, 86, 84, 85, and 86, which are now in course of 
publication. In the following pages only a few sections arc descritx^d as 
specially illustrating the relations ot the several clays, and the paper is designed 
to convey such theoretical conclusions as do not find a place in the Survey 
Memoirs. These conclusions are not, however, to be taken as expressing the 
general opinion of the officers of the Survey, but are my own personal views. 

t These numbers refer to the sheete of the Ordnance Survey map, and their 
limita are shown on the map accompanying this paper. 
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continuous on the eastern flank and soon begins to set in on the 
western flank. 

The great sheet which slopes northward through Cambridgeshire 
and caps the islands of Ely and March dips beneath the Fen-level 
along a line running south of Crowland and Wisbech and continues 
to underlie the plain of the Fenland by Spalding, Donington, 
and Boston. It may have been, and probably was, connected 
whh that which spreads over the high land in the south part of 
sheet 70, but it is now disconnected by erosion along the Fen 
border. Unlike the high-level mass, it does not terminate in 
the latitude of Aiicaster, but apjKjars to run northward below the 
Fens bordering the Witham, emerging along their eastern border by 
Tattershall, Kirkstead, and Bardney. Thence this Chalky Boulder- 
clay spreads northward through Wragby and Market Rasen to 
Brigg, and (‘astward to Horncastle and the high ground between the 
valleys of the Bain and the Steeping in sheet 84. 

It also sends a tongue-like prolongation north-eastwards, from 
Hainton and South Willingham, across the escarpments of the Lower 
Neocomiaii and the Chalk, b}- G ay ton -le- Wold and Brough-on-Bain, 
up on to the summit of the Chalk W’^olds near Kelstern and Elkington 
to the north-w(‘st of Louth. Near Gayton the Boulder-clay and 
associated gravels are seen to bo bedded against the slope of the 
Chalk e8oari)ment, showing that this escarpment had retired to its 
present position in pre-glacial times. The height of the ground 
near Kelstern is about 400 feet above datum-level. 

Another important point in connection with the distribution of 
this Boulder-clay is this, that with the exception of the tongue above 
mentioned and a small outlying patch to the southward, it is not 
found anywhere along tho broad tract of the Chalk Wolds from 
their commencement near Candlesby to their intersection by the 
Humber. This is the more remarkable because this clay caps the 
high ground formed by the Lower Neocomian escarpment near 
Greethara,Fullctby, and Bcamble^by, which is as high as, if not higher 
than, the oorresponding part of the Chalk escarpment. Still the 
occurrence of the single outlier near Maidenwell, and the fact of its 
climbing on to the Wolds by Kelstern, seem to indicate that the 
Boulder-clay once had a continuous extension over those hills. We 
arc consequently obliged to conclude either that the Wold hills 
have been in some way exposed io more severe and long-continued 
detrition than the rest of the county, including the Neocomian ridge, 
or else that the amount of Boulder-clay originally deposited on the 
Chalk hills was very much less than elsewhere. It is verj^ probable 
that its thickness was less on these hills, and I have shown in pre- 
vious papers that erosive agencies have been very active over this 
tract. 

§ 2. The Range of Brown Boulder-Clays. 

The Eastern Border , — In describing those clays and their mode 
of occurrence it will be convenient to commence on the north border 
of tho Fenland, near Firsby, a station on the Great Northern line ; 
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Ml lov dMak of the seotioiis visible in this neighbonrhood, I may 
rrfer to my paper “On the Southerly Extension of the H^sle 
Bonlder«*Clay in Lincolnshire The maji accompanying that paper 
also shows the manner in which this clay, together with the under* 
lying Purple Clay, stretches northward, and forms a broad tract of 
nnd^ating land between the ('halk Wolds and the eastern marshes. 
That map, however, having been drawn before the boundari(*8 of the 
Boulder*clay had been accurately maj)|X'd north of Alford, it is 
necessary to give some account of its inland boundary from this 
point, and the map (j). 115) will enable the reader to follow the 
ensuing description. 

This boundary, to the west of Alford, is almost a straight line ; 
the clay ends abiiiptly against the rise of the Chalk Wolds, and the 
depth of the clay iiuToascs with the ri-^e of the groiirid from Alford 
towards the hills. Thus near Alford the usual depth of the Bouldcr- 
clay is about sixty feet, hut near Kigshy a well was sunk within a 
furlong of the l)ouii<Liry-line. and ]>assed through ninety fei*t of elfiy 
without piercing it. Tlicse facts show that the ])Iaiu of (’lialk on 
which the Jioulder-olay re-^ts is nearly hori/.onlal, and extends up to 
the foot of the olds. They also seem to indicate that the clays 
are banked up against a buried cliff of chalk. Tliih sharp htuindary 
line continue^ north-westward for about two miles, till it is broken 
by the ovitlct of the Calcehy heck hetwein Ahy and Ihdlcau. Hero 
there is an exlcndve bed t)f giavel, intcrcul.itt‘d a])parcntly hctuceii 
an Uj)per and Lower Louldcr-clay, and evidently a hcacli-tonnation, 
containing broken marine shells in tin' sandy IxmK, and tolled 
pebbles of chalk, pierced by Pholadrs^in the gravel beds. At South 
Thoresby there are two beds of gravel, separated l>y a layer of clay, 
about 20 feet thick, and the same is the cas(‘ at (’lavtborpe station. 

At and beyond ilelieuu the Loulder-clay < verrides tlie cliff or slope 
of the Chalk, and for some distance cu])s the ridge which runs 
through Purwell Park. From thi» i>hn;e to the neiglibourhood of 
Louth, the boundary is very irrcgul tr, outliers of Loulder-clay 
occurring on the higliest lulls, and tongues of the same clay 
occu])ying the bottoms of the valleys which ramily thiough the 
Wolds, The height to w'hich the llouh er-clay h(T(‘ ascends must bo 
nearly 300 feet ; but in colour and general a})pcarance it is ]u*eci8oly 
the same as that found near the surface of the low'er ground. 

!North of Louth, for a short distance, the border of the Clialk 
Wolds is similarly' smothered in iiouldor-clay' ; hut near Fothorby 
the boundary descends to a lower level and becomes again sliaq> and 
clear. Striking N.!X.W., and only in^crrujded by tongues thrust up the 
older valley^s, it passes into sheet ' o^betw een Wyhani and Haw^erhy. 
At the latter place the boundary-?" ^^ppears to ])ass hoiwoen the 
church and “ the Hall” occup’ed by J^'^^amess ; this gentleman in- 
formed me that a well had been su '^Niyard to a depth of 15B 
feet without meeting anything else ^ As chalk comes to the 
surface at a distance of about 150 ya. / a very steep slope 

^ ^ '^ey * 

* Quart. Joum. Oeol. Soc. 
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(if Bot a clifO chalk ai this plaoe^ and ptobahly all along the line 
of rise from the lower plain to the Wold hills. 

At the same time it is clear that the Bonlder-clay orerrode 
this cliff-line, and buried a considerable portion of the Wold land 
to the westward. A thin outlier caps the high ridge between 
Hawerby and Wold Newton, the summit of which is 382 feet above 
datum-level ; and the same Boulder-clay occupies the valley-bottom 
which runs northward from Wold Newton to Ravendale. 


Fig. 2 . — Plan of the country near Hatdiffe, (Scale 1 inch to a mile. 
The ground occupied by Drift is indicated by diagonal shading.) 



Noai Eabt liavendale there is direct continuity between the clay 
in this \ alley and that outside the chalk ridge; and the mapping 
east of Hatcliflfo (fig. 2) suggests the existence of a cliff-lino breached 
by the battering of ice before or during the deposition of the Boulder- 
clay. Fiom this locality the brown clays are traceable northward 
by Laoeby and Brocklesby to Barrow and Barton-on-Humber. 

WeaUrly Extension , — From Hcssle, on the north side of the 
Humber, the so-called Hessle Clay sweeps westwards to North 
Ferriby, and as it is also iound on the south side of the river at 
Barton and near South Ferriby, Mr. Searles Wood justly concluded 
that it had once filled the great gap in the Wolds through which 
the Humber flow s. But if the Boulder-clay extended through this 
gap, wo should certainly expect to find it on the western side of the 
Wolds, both north and south of the Humber, at similar low levels. 
Mr. Searles AVood could not find it, and he suggests some elaborate 
hypotheses to account for its supposed absence. These, however, 
arc fortunately rendered unnecessary by the simple fact that it is 
not absent, but present in some force, both to the southward and 
westward of South Ferriby. It may be seen near Horkstow Bridge, 
mile S.W. of Ferriby, and again in the dj’^ke at the east end of 
Winterton Holme, whence it extends westward to Winterton, and 
thence northward to Winteringham, and it probably underlies parts 
of the alluvium of the Ancholme. Along the eastern border of this 
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dihivittlii at iha base of tbe Chalk esoarpment, roiis a terrace of 
graTol, apparenfly a contiiiuatiou of that which overlies the westera 
mi of the Hessle Clay at Ferriby cU£f. Whether this gravel is of 
Hessle age is uncertain. 

The Hessle Clay, however, has been found again in the neigh- 
bourhood of Wrawby and llrigg, and its exposures will be described 
in the Explanation of Sheet 86. Its character here is much more 
variable than on the eastern side of the Wolds. Sometimes it is 
full of stones, and sometimes hardly a pebble can be found in it ; 
occasionally it passes into a laminated sandy loam ; in colour, how- 
ever, it still resembles the tjjncal Hessle Clay, b(‘ing of a reddish 
brown streaked and mottled with ashen or bluish grey. 

From Brigg it extends southwards, but has only been detected 
at low levels on either side of the broad valley of the Aneholmc. 
Clays and gravels, apparently belonging to it, have been maj)ped at 
Cadney, Hibaldstow, Bedbourn Hajs, Waddingbara and Tbornt >n 
Carrs, Owersby (’arrs. and near Bishop's Bridge, east of (llentham ; 
but in some of these localities it jmts on an aspect which is very 
ditferent from that which it usually presents. It l)eeonies a stick}" 
bluish cla}, mottled in some places with yellow or brown, and only 
containing here and tlierc* a rolled pe])ble of (]uart/ite. In this form 
it resembled w'eathered Oxford Clay so great 1\, that it w as at first 
overlooked, but mapped in snb.se(]u<*iitl\ , after a careful and ])ro- 
longed examination of the ground b} Mr. Uf>slier and myself. We 
found that this peculiar cla} was c\er}wheie underlain by gravel, 
and that it sometimes passed into reddish clay. W’ith stones more 
resembling the ordirnir} t} pe. 

Beyond Bishop’s Bridge, to the east of (ilentham, it w as no longer 
traceable in the Ancholme valley; but south-west of ^Market Bason 
a reddish brown clay, mottled with grey and containing small Hints 
and jK^bbles of chalk, sets in at higher levels. This closely ovcTlies 
the ordinary grey Boulder-clay of the di^'trict, and caps the low 
ridges separating the valleys of the brooks w'hich flow westw^ard to 
unite in the Langworth beck. 

There is a considcralfle area of such clay w^est of Faldingworth, 
and again between Swiiithorpc and Wickerihy ; and sand and sandy 
gravel are frequently found in connect ion with it, both aliove and 
below. I only saw these beds in a hasty traverse, made last year 
after the country had been mapped, but found a fair section of them 
in the railway-cutting west of \\’^iekeuby, the succession here being 
as below : — 

feet. 


Sandy soil and sand 3 

Bed -brown Boulder-clay 1 

Yellow sand full of flints, seen for 1 


?Grey Boulder-clay below (grassed over) — 

These beds are so thin and so badly exposed, that I could not be 
certain of their identity with the Hessle Clay, hut they are very 
different from the giey Chalky Boulder-clay w^hich surrounds them. 
South of this point, over a considerable space, as far as the valley of 
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the Witham, nothing is known of this brown Boolder-cky, beoanse 
it has never been looked for; but there can be little doubt that^ if 
looked for, it would be found, because it occurs on the further side 
of the Witham, and it is not likely to be absent in the intermediate 
area, unless it has been removed by detrition and erosion. 

Crossing the Fens which occupy the ancient estuary of the Witham, 
we find a strip of Boulder-clay occupying a peculiar position along 
their south-west border. It has been already mentioned that the 
ground occupied by the Lower Oolite south of Lincoln is entirely 
free from Bouider-clay of any sort. The existence of this strip of 
Boulder-clay along the Fen border was not then spoken of, because 
there is reason to think that it belongs, not to the Chalky Clay, but 
to the other series we have been following. 

When mapped in 1878, it was supposed to belong to the mass of 
grey and blue Boulder-clay which comes down to the fen-level on the 
eastern side ; the existence of Purple or Hessle Clay so far west- 
ward was not then thought of, and the question of separating the 
BoiihJer-clays had uot then been raised. My note- book, however, 
contains a mention of peculiar brown and grey mottled clay, with 
small fragments of chalk, as seen at Martin Wood near Timberland. 
I have not had an opportunity of revisiting this, but have little 
doubt that this clay is of the East-Liiicolnshire type. 

This ridge of Bouldcr-clay (which is capped by a remarkable 
aerie® of (juartzitiferous gravel) passes into sheet 70 between Tim- 
berland and Thorpe Tilney and becomes a promontory jutting into 
the Ftmland as far as Billinghay. Its western border has, in fact, 
been cut l)ack by tlio erosive agencies ^vhich have formed the post- 
glacial valley ot the Scroby beck ; and there can be little doubt that 
this Boulder-clay w’us once continuous from Walcott and Billinghay 
to the neighbourhood of Ainvick and Ewa'rhy. 

Of the Boulder-cluy of lilwerby I can speak, again, from personal 
knowledge. By llaverholme Park it is a mottled buif and brown 
clay, full of small clnilk stones, with a gritty or sandy feel, and in 
every respect like the clays of East Lincolnshire. At Ewerby 
Thorpe it is of a uniform dull purple-brown colour ; but this is ex- 
optional, and to the southward by Howell and Heckington, the 
buff and gri‘y tints predominate over the brown, though the mottling 
and sandy admixtui*c remain conspicuous features. 

Near Heckington it occupies a tract of ground which is five 
miles wdde, and it i)asse8 eastward under the silt of the Fenland. 
Gilio gravels associated with it and on which stand the villages of 
Heckington, (Ireat Hale, Little Hale, and Helpringham, all contain 
rounded pebbles of quartz and quartzite, together with Hints and 
fragments of Jurassic limestouos. 

Boulder-clay of the same character continues southward by 
Swaton and Horbling, though here the fen-beds encroach upon and 
narrow the tract which it occupies. I have not traced it further to 
the south than Horbling and Stow Green, and here, therefore, 
further exploration is required with the object of acertaining its 
southern limit. In appearance it is so different from the grey or 
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dialkjr City of tbe higb lands that its separation therefrom 
to be a difficult task if it mdutaius its usual characters ; 
hm it is oonoeiTable that if newer thau^ and banked against, the 
CSialky Oay the reconstructed material of the latter woiUd give it 
a diflbrent aspect and introduce a source of confusion and diffi** 
cnlty. 

If the Boulder-clay which borders the western side of tho Fcnland 
is distinct from, and newer than, the bluish-grey clay which occurs 
on the southern borders, and if both pass beneath the Fens, then 
the newer clay ought to bo found overlying the older clay in the 
neighbourhood of Boston. The large excavations made for the new 
docks at Boston last year enabled me to test this expectation. The 
section I found at the bottom of tho dock-basin in November was; — 

fpot 


Clay and silt 18 

Peat 1 


White and p*oy sands 1 

Reddish sand and stones in pockets w urn in inottlwl huff 
and gn*y lloulder-elay about G 

The Boulder-clay with the reddish sand and gravel in pipes 
and pockets was similar in a})pearance to tluit near the west(Tn 
border of tho Fen, just, in fact, such jis the surface near llockington 
and Hale would present if now suhmerged and covered by newer 
deposits. In a deej)er trench, between the dock and tho river, a 
dark-blue Boulder-clay was exposed underneath the mottled clay 
which forms the base of ths dock-section. The line of junction was 
not clear, but appeared to b<* a sharp one. 

The existence of so-called lle.^sle Clay beneath Boston, anticipated 
by me in 1S79 is thus confirmed, tlioughits thickness is but small. 
The upper portion has probably been carried away by erosion, so 
that only the basement part remains. 

My rejison for suspecting tho existence of this clay beneath 
Boston was that it occurs in the form of an island at the surface 
near Sibsey, about five miles to tho N.N.E. Here and at Stickney, 
still further north, the clay is of a uniform juirple-hrown colour, 
this being apparently the tint of tho upper portion of tho “ brown- 
clay series ” in tho Fen district f. 

From Stickney this clay continues by Stickford to tho northern 
border of the Fcnland, of which it forms the margin by Keal Coates, 
Toynton, and Little Steeping to Firsby, where wo commenced this 
description of its range. This ground was described in the paper 
already referred to ; but there is one point to which I desire to recall 
attention : this is the existence of sand-hanks along the northern 
edge of tho Boulder-clay tract, where it is hanked uj) against tho 
slope of the Kimraeridgc Clay. Tliis bank forms a kind of terrace 
at the foot of these hills, and appears to indicate a shore-lino. This 
is of the greater importance, because the original margin of tho 

* Quart. Joum. Geol. Soc. vol. xxxv. p. 42r). 

t These clays may therefore belong to the Turplo and not to the Hessle Clay« 



BOULDBB-CLiYS Of UNOOLIfSHIBE. 


123 


brown Bouldor-claya has in most places been destroyed by post- 
glacial detrition^ The only other locality known to me where 
beach-deposits contemporaneous with the upper portion of the 
brown clay occur is near Kirmington, in sheet 86. These have 
been mapped and investigated by Mr. C. Eeid, and will be described 
by him in the explanation of that sheet. They are interesting as 
containing a large marine fauna. 

There is also another point of interest in connection with the dis- 
tribution of the brown clay round the Fen borders. In 1879 I 
drew attention to the peculiar way in which the newer Boulder- 
clays (then suppose d to be Hessle Clay only) terminated southwards 
in East Lincolnshire Leaving the Fen border at Stickford, the 
brown clay is prolonged southwards in a long ridge or bank by 
Stickney and Sibsey for a distance of seven miles ; and while the 
Fens on the cast side of this bank are underlain by the same 
Boulder-clay, those on the west side rest directly on Kirameridge 
Clay or on the older Boulder- clay which comes in further west. 

This struck me at the time as a fact which was both remarkable 
and difficult of explanation ; for if the contours of this part of 
Lincolnshire during the formation of the newer Boulder-clay were 
anything like what they are now, it is hard to conceive any valid 
reason why this clay should be so peculiarly and partially distri- 
buted ; why it dees not continue to form a bordering plateau west- 
ward fM»m Stickford, as it does to the eastward of that place and 
along the east side of the Chalk Wolds. 

>}ot only is the newer Boulder-clay absent from Stickford to Tat- 
tershall, but no sign of it has ever been discovered along the eastern 
side of the AVithani level from Tattershall to Lincoln, although in 
the ])resent pa]>er I have described a continuous strip of this clay as 
bordering the western side of this level from Billinghay to and 
beyond Han worth Booths. 

1 think we may infer from these facts that the contours of the 
whole district lying to the east of the Witham level, and along the 
Fen border as far as llagnahy beck, have been greatly altered in 
post-glacial times, that is, since the formation of the newer Boulder- 
clay. T}u^ widespread deposits of graved and sand of the lower 
parts of the tract in question demonstrate that it has suffered 
great erosion and detrition in post-glacial times ; so that altogether 
it seems prol>al>le that, at the time when the newer Boulder-clay 
was formed, this tract was occupied by a mass of the older Boulder- 
clay, rising above the level at which the newer clay was laid down 
in the Feu district, and forming a promontory which jutted south- 
wards over what is now termed the West Fen. 

Oil this suj)])ositi()n the existence of the curious ridge of Boulder- 
clay running through Stickiiej^ and Sihsey finds a natural explana- 
tion ; for if there was originally higher ground to the west of this 
ridge, it may bo regarded simply as a continuation of the bank 
formed against the old shoro-iiiie below Toynton and Keal (see 

♦ See Quart. Joiirn. Qeol. Soc. vol. xxxv. p. 397. 
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p. 122). This is, in fact, the conclusion at which I arrived in my 
former paper *. 

Assuming also that the trough of the Withain estuary then lay a 
little to the west of its present course, and that it was tilled up from 
side to side with the brown Boulder-clays, like that of the Humber 
estuary, we may regard the strip of newer Boulder-clay which runs 
from Billinghay to Nocton and Han worth as occupying the western 
half of this old trough, and may suppose that the eastern half of the 
clay-filled trough has been removed by post-glacial erosion. 

This erosion was no doubt partly effected by the river flowing 
through the Lincoln gorge and impinging upon its left bank ; and 
it is interesting to note tliat this tendency to impinge upon the left 
bank is maintained by the modern river Witham, which hugs the 
eastern edge of the fen-level all the way from Bardiiev to Tatter- 
shall. The erosh^n of this ea&torn side was doubtless assisted by 
the action of the tributary streams flowing off the clay-tracts to the 
eastward, whieli would naturally have a greater volume and velocity 
than those which drained the limestone country to the westward. 
The Hagnahy beck rising near Bolingbroke has likewise done its 
share of the work by attacking the promontory of older Boulder- 
clay on the other side. 

There is, therefore, nothing to militate against the sup])osition of 
such a promontory, but, on the contrary, all tiic facts known to mo 
t(dl in favour of it> existence : I tbiiik, tlu'ndbn*, it is a feature 
which must be introduced into any picture of the Fonland during 
early iX)st-g]acial times. 

§ 3. Poinis of Contuct between the two Serits of Bonhler-chnjs. 

In East Lincolnshire there are only thnr localities where the 
Brown Boulder-clay comes into contact with the White Boulder-clay. 

The first of these is at Maiden well, five miles south of Louth. 
Here, at a height of about 4(H> feet above sca-lcv(4, occurs an out- 
lying patch of white Chalky Boulder-clay caj)pcd with Hint-gravel. 
The same clay also continues down the slope to Maideiiw<*ll farm, 
to the east of which a second patch of giavid occurs, probably over- 
lying the white clay, but ]>assing eastward into or under a mass of 
brown clay. 2so good sections are here to be found. 

The second locality is near Welton, about three miles west of 
Louth. Here clay of the Jlessle type, over!} ing a great depth of 
gravel and exposed in good sections, appears to be banlu'd against a 
slope of white Chalky Boulder-clay. Near the line of junction a 
soft, silty, yellowish clay, or calcareous loam, occurs ; and the true 
relations of the two series might easily be exposed by excavating a 
short trench down the slope at this spot. 

The third locality is near Wold Newton, in sheet 8f>. The Chalky 
Boulder-clay enters the sheet S.W. of this village, and ends in three 
spurs ; the central one of these descends to a lower level than the 
others, and either passes under or into a brownish clay ; but the 

* hoc, cU, p. 40ii. 
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entire absence of even ditch-sections prevented my coming to any 
conclusion on this point. 

The appearances at these three localities being not unfavourable 
to the supposition that the brown clays passed into chalky clay, 
taken together with the fact of the former clay occurring at so 
great a height on the Wold as nearly 400 feet, inclined me to the 
belief that there was no great separation in time between the 
formation of the two series. It was not, therefore, till last year 
(l&8Jt) that I recurred to the opposite opinion, in consequence of 
finding evidence on the west side of the Wolds which forced me to 
regard the b^o^^n clajs of that district as belonging to a much more 
recent period than the blue and chalky clays. This evidence may 
be briefly recapitulated as follows: — 

1. The position of the red-brown cla}s near Brigg resting against 
ridges of Jui;ai»‘'ic clay, which are capped by outliers of Chalky 
Boulder-clay (as in fig. 3j, the two cla} s being very different in 


Fig. 3 . — Section through Low Barf^ S.E. of Brigg, 
(Horizontal scale : 2 inches to a mile.) 


a b e a 



d d 


a. Alluvium, b. Red Clay, c. Chalk j Clay. d, Oxford Clay. 

appearance, and the former occupying valleys which appear to have 
been eroded out of a sinface composed of Oi^ford Clay overspread 
by a sheet of Clialky Boulder-clay. 

2. The fact that a red-bro\\n clay of similar type actually rests 
upon a cuntjnuatioii of the older Boulder- clay in the district between 
Market Kusoii and Lang worth. 

3. The manner in whieh tlie mottled clays separate themselves 
from the blue Boulder-ciay and from a terrace or narrow tract along 
the western border of tlie Fenland, between it and the highland, 
just as they do between the marshland of East Lincolnshire and the 
Chalk Wolds. 

To these considerations may be added the following: — 

4. The actual su])er])ositioii of the mottled clay on the blue 
Bouldor-clay at Boston. 

5. The relative ])ositions of the two clays along the north border 
of the Fens by East and West Jveal, where the Brown Clay is 
banked against the slope of hills capped w’ith Chalky Boulder-clay*. 

fi. The fact that, w'hile both Bouldcr-clays are found at the same 
level south of Bovesby, they each retain their distinctive colours 
and characters and occur in separate areas. 

* See Section in Quart. Journ. Qeol. Soc. vol. xxxv. p. 405, 

Q.J.G.S. No.lG2. L 
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§ 4. The Value of the Divisional Line between the Purple 
and Hessle Clays, 

I will now assume what appears to be the outcome of the pre- 
ceding facts, namely, that some or all of the East Lincolnshire 
Boulder-clay is newer than the Upper Boulder-clay of East Anglia. 
Whether all of it be of such newer date is still open to question ; 
and this brings me to discuss the distinction which has been made 
between the Purple and Hessle Clays. 

All the sections which have como under my notice (showing tho 
junction of these two portions of the Boulder-clay series) I have 
examined with a special view to this question ; and I may state at 
the outset that I think Mr. Searlea Wood has greatly exaggerated 
the importance of this line of division. 

I make a few extracts from my notebook in support of this 
opinion, , 

At South-lleston brickyard, 5 miles S.E. of Louth, an upper and 
lower clay are clearly visible, the upper being reddish brown streaked 
with grey, and including near its base a lenticular layer of brown 
sand ; the lower is of a dark purple brown, without streaks : these 
beds, however, arc only separated by two feet of brownish-purple 
laminated loam, which rests evenly on the lower clay, and the whole 
forms an unbroken succession. 

At Stew'ton brickyard, two miles east of Louth, tho following 


section was visible in 1882 : — 

feet. 

Loamy soil 2 

Reddish brown clay, w^ith lenticular seams of loamy sand 

and silt 4 

Yellowish-brown vsaiid Mi 

Bark purplish-brown clay, seen for 6 


The sand-bed includes patches or layers of Boulder-clay, and 
appears to be intimately connected with the clays above and below. 
At one place it thickens to 2 feet, and has a layer of small 
pebbles at the base, but it is certainly not an important line of 
division. The sides of the joint-planes and cracks in the upper clay 
are ash-coloured, but those in tho lower are in ])lac('8 stained with 
dark greyish-blue, which would probably become ash-grey if exposed 
more to atmos])heric action ; moreover, tho top of the lower clay 
immediately underlying the sand is of tho same reddish tint as tho 
upper clay. This seems to suggest that the colours of the upper 
clay are due to alteration by surface agencies. 

Both here and at Heston the np]K*r clay is said to bum red in 
bricks, while the lower clay burns white ; can it be that there is 
more oxide of iron in the former? and is the purple colour of the 
lower clay partly due to carbonate of iron ? 

The brickyard in James Street, Louth, shows : — 

feet. 

Reddish clay (grey-streaked), with a base of hard sandy 


and stony loam 14 

Purple-brown clay, with fewer stones 10 
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The junction here is level, and no signs of erosion are visible. 
Further, in au other brickyard south of the town, a similar reddish 
clay passes downward into purple-brown clay without any kind of 
separation. 

I also found the same complete passage from one kind of clay 
into the other, shown in a brickyard at Ludborough ; the section 
here was : — 

feet 


Clean, Btiff, loamy clay 2 

Stratified sand, with layers of loam 5 

Keddish-brown clay A\ith grey streaks, passing down into 
purple-brown clay with bluish streaks and then into 
uniform bluish-brown clay 13 


At Cleethorpes, where Mr. Searles Wood himself says that the 
Purple Clay is seen ca])ped with Hessle Clay along the cliffs, the 
appearances are in reality similar to those above described at Lud- 
borough. Near the steps which lead down on to the shore the cliff 
is about 30 feet high ; at its base there is about 7 feet of purplish 
clay passing upward into hard reddish clay streaked and mottled with 
light grey ; along the horizon of passage there is an appearance of 
stratiheation, but no well-marked line of division. The whole 
forms one solid mass traversed by the same planes of jointing or 
fracture. 

When traced in either direction, small lenticular beds of yellow 
sand may be found, some distinctly within the limits of the reddish 
clay, some about the horizon of passage, but all of them discon- 
tinuous. 

1 may add that my colleagues, Messrs. Eeid and Straban, agree 
with me as regards the complete passage from one clay to the other 
at’Cleetborpes. 

I have not personally visited the Holdem ess-coast sections ; but 
Mr. Lamplugh, who studied them closely and continuously for some 
years, informs me that there is nothing which exactly corresponds 
to Mr. S. Wood’s representation of the Ilessle Clay, “ though there is 
an uppermost Eoulder-clay, generally reddish brown in colour, 
which may be traced for miles along the coast.’’ This reddish clay, 
however, is as well developed to the north of Flamborough Head as 
it is to the south of that point; wdiile the Ilessle Clay, as defined 
by Mr. S. Wood, docs not reach so far northward as Bridlington. 

In a recent letter to me, Mr. Lamplugh says : — “ I do not believe 
in any important unconformity between this clay and the beds 
below it, and the more I see of our glacial sections, the more dis- 
inclined am I to believe in any great break in the sequence of 
events. The best-marked unconformity that I know of is at the 
base of the Purple Clay in this neighbourhood [Bridlington] ; but 
at Dimlington even this break is not nearly so clear.” 

This line of erosion did not escape Mr. S. Wood ; he says that the 
basement clay “ is overlapped in every direction by another thick 
bed of Boulder-clay, to which, in most of its exposures, it presents 
a very denuded surface, rising up beneath it in bosses, and in some 

L 2 
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j^aces divided from it by the beds marked b (sands and gravel) 

He adds that though sometimes it is difficult to say where one clay 
«nds and the other begins, in other places the division is very 
distinct. 

Now the facts I have adduced appear to me sufficient of themselves 
to invalidate Mr. S. Woods classification, and, as a necessary 
consequence, to destroy the superstructure of theory which he has 
built upon it. Mr. Wood hardly seems to recognize the difference 
between widespread unconformity and local contemporaneous erosion. 
If the succession were broken in the manner assumed by Mr. Wood, 
and if the interval between the formation of the rurjde Clay and 
the Hessle gravel were of such length and importance that it could 
be taken as the line of division between the (llacial and Post-glacial 
periods, then this break must he a wides]>read one, and must be 
universal throughout the east Yorkshire and Lincolnshire area. 

But if, on the contrary, it can he ])roved that at two or three 
localities there is a complete pas'snge from one clay into the other, 
then it is clear that the break is not a universal one, and the line 
of division becomes one of comparative insignificance. 

In the face of such sections as those at Lh'othorpes. Louth, and 
Ludborough, where no break exists, it is useless to multiply instances 
where the clays are separated by beds of gravel and sand, and whore 
some local erosion apj)ears to have* taken place. Still more unrea- 
sonable is it to argue from tliese local ajqx arauces, aud from the 
occurrence of C lire na Jlnyni nails in the gravels, tliat the Ifessle beds 
should not he regarded as (Jlacial, hut as P(»st-glacial deposits. 

I can see no valid reason why the whole series of Boulder-elays 
and gravels in east Y<»rks]nre and Lincolnshire should not he 
classified as Glacial; and I look upon those above fbc basement 
clay as forming one' continuous sen(‘s, so far as any series of Glacial 
deposits can be called continuous. That cases of local erosion by 
currents should occur, aud that beds of gravel and sand should be 
intercalated between tlie Boulder-elays, are natural incidents in a 
scries of deposits ^^}^ch liave been formed near coast-lines by the 
agency of marine ice; and my eonviction tliat th<‘se Bouldcr-clays 
have been so formed has only been deejauied by my recent 
experiences and observations. 

§ O. Conclusions, 

In section 3, we came to the conclusion that the brown and 
mottled clays of the Fen-border and the Ancbolrae valley were 
newer than the ( 'balky Boiilder-elay of tho8(‘ districts ; further that 
there was a decided break and an ajqiarent unconformity between 
the two groups. In the last section I denied the existence of any 
break in the Brown-claj^ scries of East Lincolnshire (?.c. the Purjde 
and Hessle Clays), and showed that. Mr. Lamplugh holds the same 
opinion wdth regard to the continuity of this group along the 
Holderness coast. It seems therefore only reasonable to conclude in 
the first place that the Glacial beds found on the west and on the 
* Quart. Jouni. Geol. Soc. vol. xxiv. p. 147. 
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east of the Lincolnshire Wolds do not form parallel series. If the 
Chalky Boulder-clay and the Purple Boulder-clay were correla- 
tives, we should be confronted with the anomaly of a continuous 
succession existing on one side of the Wolds, while there is a 
discontinuous succession on the other. 

Assuming that they are not parallel series, and also supposing 
for the moment that the brown clays on either side of the dividing 
ridge in Lincolnshire are complete correlatives, then it is the 
Chalky Clay which is unrepre^sented on the eastern side. N'ow in 
East Lincolnshire the base cannot be seen ; but in Yorkshire there is 
a grey and chalky Basement-clay (beneath the Purple-clay) which 
was originally rt‘garded by Messrs. W ood and Home as the equivalent 
of the Upper Glacial-clay of East Anglia. Moreover we have Mr. 
Lamplugh^s testimony as to the appearance of a break with more 
or less unconformity between this Basement-clay and the overlying 
Purple-clay. 

I have little hesitation therefore in considering the Basement- 
clay of Holderness the sole representative of the grey and white 
Boulder-cla) s of Lincolnshire, and in regarding the overlying beds 
of Brown Boulder-clay, with their associated loams, sands, and 
gravels, as new er and higher members of tlie great Glacial series. 

Tliis conclusion differs from that recently enunciated^ by Mr. 
Scarles Wood, but it is not the only point on which liis earlier views 
appear to me to be sounder that those he has subsequently 
elaborated. 

The position of the chalky “ Basement-clay at and below the 
sea-level in Holderness, wdiilo on the Wolds of Lincolnshire it rises 
to a great height above the sea, offers no difficulty to this correlation ; 
because the same claj" occurs at nearly as low a level on the west 
side of those Wolds. I a])prehend, indeed, that the C^halk Wolds were 
at one time comjdotely mantled by the ‘‘ Chalky Clay from side to 
side ; just as the Jurassic ridge was clearly so covered in Hutland 
and South Lincolnshire. 


Fig, 4 . — Diagram to show the Erosion of the Chalk Wolds, 



O, older Boulder-clay. N, newer Boulder-clay. 


The available evidence seems to indicate that the eastern slope of 
the Chalk Wolds was invaded and destroyed by marine erosion 
during a subsequent submergence, at or immediately before the time 
when the newer (brown) clays were deposited, and that these were 
laid down upon the plane of erosion so formed. This idea is 
expressed in iig. 4, which is not a section along any particular line, 
but only a diagrammatic representation of the relations above 
suggested, the plane of erosion being partly across the Basement- 
* Quart. Journ. Geol. Soc. vol. xxxvi. p. 527, and xxxviii. p. 712. 


130 


A, J. JUKB8-BHOWNB OH THB 


day and partly across the Chalk, and the broken line indicating the 
original slope of the latter. 

There remains another question to be considered, and this is the 
importance or magnitude of the break above indicated between the 
Chalky and Purple Boulder- clays. This break would appear to be 
greater in the valley of the Ancholme than in Holdemess, and it is 
quite possible that part of the Purple Clay may be absent from the 
former district. It is at any rate very likely that there was a 
more continuous formation of Boulder-clays on the eastern than on 
the western side of the Wolds, since the ice which formed them 
clearly came from the east and north-east. It is also not 
improbable that current-erosion may have been going on in the one 
locality while deposition was taking place in the other. 

The thickness of the Hessle and I^urple Clays on the eastern side 
of the Wolds is certainly greater than that of the similar clay in the 
valley of the Ancholme, and tliis also is in favour of the supposition 
that some of the Purple Clay is wanting in the latter district. On 
the borders of the estuary of the Humber the Purple Clay certainly 
thins out westward, and allows the Hessle beds to rest on the Chalk. 
The clay about Winterton resembles the Purple Clay, but that to 
the southward near Brigg is certainly more of the Hessle type. 

Without discussing the physical conditions of the (Jlacial period 
or the exact manner in which Boulder-clays were formed, I will only 
indicate the general sequence of events which a consideration of all 
the facts known to me has suggested. 

To my mind the frequent occurrence of stratified beds, and the 
actual existence of marine shells at more than one horizon in the 
Brown-clay series, is sufficient evidence that the area of deposition 
was essentially marine, and that the materials were borne by marine 
ice. 

The basement beds of the Glacial series of Norfolk give indi- 
cations of continued depression and a gradual deepening sea, till the 
whole of eastern and midland England was submerged, and Chalky 
Boulder-clay was spread like a sheet over the whole surface. 

This submergence, one of at least (iOU feet, must have tended to 
ameliorate the climate, and to cut off the supjily of Boulder-clay. 
Eventually if the direction of the earth-movement was reversed and 
gradual elevation ensued, surfaces of the grey Chalky Boulder-clay 
would be exposed, first to current-erosion, and then to subaerial 
detrition. 

With the partial upheaval of the land, however, glacial conditions 
would return; Boulder-clay would again be formed, and this for 
some reason seems to have been generally of a purple-brown colour. 
It was formed more continuously on the eastern side of the Wolds 
than on the western ; but the V/old hills may only have been at this 
epoch a submarine ridge, or a peninsula of very slight elevation. If 
the Wolds were above water during the formation of the Purple 
Clays, there must have been another movement of depression so as 
to allow the Hessle Clay to be deposited on surfaces which are now 
nearly 400 feet above the sea. The extension of shore-deposits with 
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marine shells in North Lincolnshire to levels of about 200 feet may 
he evidence of this depression. During this submergence the glacial 
conditions seem to have passed away, and the land was gradually 
and finally reelevated. 

We may, with Mr. Searles Wood, call the two epochs when thick 
masses of Boulder-clay were formed, the periods of major and minor 
glaciation ; but the latter would for me include the formation of the 
Purple Clay. It is, indeed, this point which I wish to bring out in 
a strong light ; the paragraphs I have just written are purely theo- 
retical and may not really represent anything like the actual 
sequence of events ; but my statement of the close connection between 
the Purple and Hessle Clays rests upon personal observation and 
not upon theoretical grounds. W^hat, therefore, 1 chiefly insist upon 
is this, that if there is any one great break in the Glacial series, 
corresponding to a decided change in physical conditions, this break 
is not at the base of the Hessle beds, where Mr. Searles Wood puts 
it, but at the base of the Purple Clay in the Holderness section. 

I do not propose to do away with the terms Hessle and Purple 
Clay, because they may be useful as indicating certain horizons in 
the Brown-clay group. I only wdsh to correct what appears to me 
an error in the accepted classification of the Glacial series, and to 
degrade the Hessle Clay from a ])osition of primary importance to 
one of secondary or perhaps even of third-rate rank. 

I would simply tabulate the Glacial series as below ; — 


Newer Glacial . . 


Lincolnshire. 
J Hessle Clay. 
\ Purple Clay. 


Yorkshire. 
Hessle Clay. 
Purple Clay. 


{ Chalky Clay. Basement Clay. 

Ciomer Series (includ- 
ing Middle Sands). 


Discussion. 

Mr. UssHER expressed his agreement with the views of the author, 
so far as the Brigg section is concerned. He had been greatly 
indebted to the author in arriving at correct ideas on the relation of 
the Boulder-clays while mapping that district. 

Mr, C. Reid had surveyed part of North Lincolnshire and Holder- 
ness. Ho thought that the Hessle Clay, at Hessle, is only a weathered 
and decalcified Boulder-clay, and it was unsafe to correlate it with 
the beds at Kelsey Hill or on the coast. He insisted that the 
different colours of the Boulder-days and the absence of chalk from 
them were frequently due to weathering. 

Mr. De Range asked the last speaker if the shells in the Boulder* 
days were similar in type to those found in the intercalated sands. 
He wished to know if there were any real evidence of intercalation 
of a fauna characteristic of a milder climate than that indicated by 
the shells of the Boulder-clay. 
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lb« 0. ExtD replied that there were only fragments of shell in the 
Bonlder-elay. 

Mr, ToFLEYremarked that differences in opinion on these theoretical 
questions were naturally entertained by different members of the 
Survey. He suggested that the differences between the Boulder- 
clays on the two sides of the Chalk Wold might perhaps be explained 
by the whole being formed by an ice-sheet coming from the north- 
east, which carried Scandinavian rocks over the North German plain, 
and some as far as the English coast. 

The Author replied to Mr. Topley that brown clays were found on 
both sides of the Chalk Wold, some of those on the west of the wold 
being identical in character with the Hessle Clay, and such as could 
not have been derived from the blue chalky clay by any process of 
weathering. Some of what has been called Hessle Clay may have 
been so derived from the Purple Clay. 
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17. The Metamorphosis of Dolbrite into Hornblerde-schist. 

By J. J. H. Teall, Esq., F.G.S. (Read January 14, 1885.) 

[Plate II.] 

The object of this communication is to describe the gradual 
change from dolerite to hornblende-schist as it may be observed 
in two more or less parallel dykes which occur in the Archaean 
gneiss of the north-west of Scotland, near the village of Scourie in 
Sutherland shire. 

The northern ])romontory of Scourie Ray is named on the Ordnance 
map Creag a’Mhail. Near this point two djkos of basic igneous 
rock may be seen. The one to the south is about 30 yards wide ; 
it has been more affected by denudation than the surrounding 
gneiss, and Ras course is thus marked by a depression which is 
occujued by the sea at high tide. A short distance to the north 
of the actual promonlory i^ another dyke, about iiO or 30 feet wide, 
of similar cliaractor, Mhich terminates veestward in a vertical cliff. 
This may be traced in a houth-(‘asterl\ direction down to a small 
beach where tlu' southein d}ke is again seen, and from this point 
the two d\k(\s may he follo\sed, lunning parallel to each other 
towards the sonth-(Mst, for a distaine of a (]narUT of a mile or more. 
The ])i(*valcnt stnkt' of the gneissic handing in this district is 
E.X.K. and W.S.W., ^silh a moderate dip lo The dykes 

therefore out across the strike and cannot possibly he regarded as 
hands in the gneiss. 

On the opposite shores of Scourie Lake (Loch a’ Bhaid Baraich) 
and close In llie side of the road to Lavfurd Bridge (three (juarters of a 
mile from tin* Scouric' Hotel), the dykes again make their iippearance. 
Prof. Blake first recognized the northern dyke at this spot on the 
occasion of our joint excursion to the north-west of Scotland in the 
summer of This dyke is hero the wider of the two and 

forms a ]>ortioii of the eoiis])icuous hill which overlooks the lake. 
The southern dyke produces a marked ga]) to the south of the hill. 
I'lie distance bet \\ ecu the two d}kes is only a few yards. The 
junction-planes of gneiss and d}ke are nearly vertical, and the fact 
that they out across the giicissic handing is most clearly shown. 

From this point the d}kes may he traced to the south-east for 
more than a mile. A\Tiat becomes of them ultimately in this 
direction T do not know ; but, so far as I followed them, they keep 
very closely to the same straight line and preserve their lithological 
characters (subject to such exceptional variations as will presently be 
described) with as much persistence as the dykes in the Carboniferous 
region of the north of England. 

The rock forming these d^kes occurs in two strongly marked 
varieties. The one is a moderately coarse-grained, crystalline, 
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granular rock of true igneous character the other a typical 
hornblende-schist These two varieties shade into each other by 
the most imperceptible gradations. The distribution of the two 
varieties throughout the dykes is somewhat irregular. In many 
places and for considerable distances no trace of foliation can bo 
detected, in others the whole mass of the dyke is foliated. The 
prevalent strike of the foliation in the district lying to the south- 
east of the hill overlooking the lake is nearly at right angles to the 
course of the dykes, and therefore parallel with the strike of the 
prevalent gneissic banding. 

In some places the distribution of the foliated and non-foliated 
varieties is extremely irregular and quite independent of the course 
of the dyke ; at others it exhibits a marked tendency to bend round 
so as to become parallel with the margins. This latter feature is 
especially developed at certain points where the gneiss and dyke 
become very intimately blended dong the junction-planes, owing to 
the extension of tongues and flame-like processes of the dyke into 
the gneiss. At these points there is often perfect parallelism between 
the foliation of the gneiss and djke, and it is ]X)88ible to obtain 
band specimens in which the rock of the dyke is represented by a 
band of hornblende-schist in the gneiss. 

The jointing of the dyke is often very irregular, the planes 
appearing bent and twisted. This may be well seen at the small 
beach on the north side of Scouric Bay. Veins of quartz traverse 
the dyke in certain places, and at the small beach above referred 
to a vein of nearly pure felspar occurs. The surface of the felspar 
is weathered, but the main mass is verj^ fresh. One cleavage is 
strongly marked, so that the mineral has a platy structure. Twin- 
striation is not, as a rule, recognizable ; but Dr. Trechmann tells me 
that the principal cleavage is parallel to the brachyj)inacoid, and 
that would account for it. In one case I have observed t win-striution 
on a cleavage-face. To determine the specific gravity, seven small 
grains of the pure felspar substance were selected. In a Sonstadt 
solution having a sp. gr. of 2*038, two rose, one remained suspended, 
and four sank. In a solution the sp. gr. of which was 2*644, 
three rose, one remained suspended, and three sank ; and in one, the 
sp. gr, of which was 2*654, three rose, and four remained suspended. 
Th,e specific-gravity determinations therefore indicate andesine, aud 
this is confirmed by the following analysis : — 

* A dyke having the same strike and composed of a rock precisely 
similar to the one here referred to occurs on tlie N E. shore of Loch Glen 
Coiil. The water of the lake is in contact with the dyke for some distance. 
If the Scourie dykes were continued towards the S.E. in tlje same straight 
line they would pass a mile or two to the N.E. of the Glen*Coul dyke. 
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Andesine from Scourie Dyke *. 


SiO, . 
CaO . 


MgO 

NaO 

K„0 


68-16 

26-66 

6-79 

-66 

6-99 

1-76 


100-01 

The recent work of Descloiseauxt appears to have placed beyond 
doubt the independent existence of andesine. I now proceed to 
describe in detail the lithological characters of the principal varieties 
of rock. 


DdUrite {Diabase ?). The least modified specimens are dark in 
colour and coarsely crj-stalline in texture. The augite grains and 
crystals frequently measure 1 mm. across, and the felspars 2 mm. 
X -6 mm. Three specific-gravity determinations made on samples 
from different localities gave 3-106, 3-105, and 3-086. A bulk- 
analysis of the rock yielded the following result J : — 


SiO, . . 
TiO,.. 

FeO.. 
CaO .. 
MgO., 
K,0 .. 

H,0.. 

CO,.. 


47-45 

1-47 

14*83 

2*47 

1471 

8*87 

5*00 

•99 

2*97 

100 

•36 


100-12 

Under the microseqw) the rock is seen to consist of felspar, augite, 
titaniferous magnetic iron-ore, apatite, and some secondary products, 
including hornblende, chloride minerals, quartz, and pyrites. The 
secondary minerals, however, occur only in very small quantity. 

The felspar is usually present in lath-shaped sections of the type 
common in dolcrites and diabases ; but occasionally plates of felspar 
having a polysynthetic structure may be recognized, in which the 
individual portions are not bounded by any definite crystalline faces. 

In the freshest slides the felspar-sections are often perfectly limpid, 
but as a rule they show traces of alteration, and in some cases 

* Dr. Heddle gives four analyses of andesine in bis paper on the Scotch 
felspars, Trans. Roy. Soc. Edin. xxviii. p, 246. 

t Bull. Soc. Min France, July 1884. 

t and S (in FeS^) were not estimated. The is therefore reckoned 
with AljjO^. The water was determined absolutely. There was a slight gain 
on i^ition, sliowing that the oxygen taken up by the FeO was more than 
sufficient to counterbalance the loss due to expulsion of water Ac. 
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have lost all individual action on polarized light* In the sections 
Wbich are more or less turbid, the cracks are frequently stained 
viith limonitic decomposition-produots. Various modes of twinning 
may be observed. Simple crystals and binary twins are common ; 
60 ^so are sections showing very fine multiple twinning and the cross 
hatching attributed to simultaneous twinning on the albite and 
pericline types. 

Optical anomalies due to strain are frequently recognizable. The 
extinction-shadows sweep over the sections as the stage is rotated 
under crossed nicols. The lines separating adjacent twin lamellsB 
are frequently curved ; and sometimes, where the limit of elasticity 
has been exceeded, a crystal is seen to have been fractured. The 
twin lamellae often show a groat u aiit of persistence in one and the 
same crystal ; and sometimes they appear to be related to the fractures 
in such a way as to suggest that they may bo, in i)art, of secondary 
origin ♦. 

The p^Toxene occurs in irregular grains, imperfect crystals, and 
plates, which may be either simple or poly synthetic. The lath- 
8haj)ed felspars sometimes penetrate the pyroxene, and the rock then 
possesses the ojdiitic structure of hvvy and Foikjik*. 

In the ver} thin sections examined tlie ])\roxenc is either colour- 
less, or very pale ehocoltite-brown. Tlie charaeteristic cleavages, 
polarization-tints, modt‘ of twinning, and extinction-angles prove very 
clearly that the mineral is a typical nionoclinic ]>yro\ene. 

The bulk-anal} sis of the rock makes it in the highest dt‘greo pro- 
bable that the mineral is extremely rich in ferrous t oxide. 

The titaniferous magnetic iron-ore occurs in irregular ]>lates, and 
sometime-^ in what appear to be skeleton rlunnhohedra. Apatite is 
present in the usual colourless liexagonal prisms. (^lartz and 
chloritic minerals may bo rc'eogni/ed, botli doubtless of secondary 
origin, and occasionally tlie ]iyroxene is seen ])assing over into green 
hornblende, the characteristic mineral of the rock now to be described. 

Ilornhleivh-^clns^t. The rock in its t}pical devclojiment is a fine 
lustrous schist. On a natural face at right angles to th(‘ schisto.sity 
the foliation is often strongly mark(‘d by alternating lenticular bands 
of dark and light colour, the former being rich in hornbleiuhs the 
latter in quartz and felsj>ar (see lower part of tig. 1 ). As a rule, the 
bands do not show' crumpling or ]>uckeriijg; but in one case this w’as 
observed. The individual constituents of the schist are much smaller 
than those of the dolerite. The average size of the sections of 
hornblende exposed in a slide cut at right angles to the sehistosity, 
and parallel to the direction in which the long axes of the horn- 
blende grains are usually arranged, is somewhere about *4 mm. x 
•35 mm. 

The specific gravities of two specimens of the schist were found 
to be 3*111 and 3*122. There is therefore a very close agreement 

Lehmann, * Die Entstehung der altkrjstallinischen Schiefergestoine/ p. 196, 
plate c. fig. 1. 

t See “Analysis of Whin Sill pyroxene,” Q. J. Q. 8. 1884, p. 648. 
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between the dolorite and the liomblende-schist, so far as specific 
gravity is concerned. A bulk-analysis of the schist also shows a 
close agreement with that of the dolerite : — 


SiO, 

49-78 

TiO, 

2-22 

AlA 

13-13 

Fe.O, 

4-35 

FeO 

11-71 

MnO . . . . 

-27 

CaO 

8-92 

MgO 

5-40 

K,0 

1-06 

Na,0 

2-39 

CO, 

-10 

H.0 

M4 


100*46 


The slightly greater percentage of silica in the schist is exactly 
what the microscopic analysis would lead one to expect. It would 
be interesting to know whether this is a constant feature, and, if so, 
whether the silica has been introduced from without, or whether 
bases liave been removed. The isolation and separate analysis of 
the individual constituents of the two rocks would probably lead to 
interesting results. The fact that the schist contains more iron in 
the ferric state, suggests that an oxidation of a portion of the iron 
occurs in the change from augite to hornblende. This would effect 
the liberation of a certain amount of silica ; and it is interesting to 
note that in certain granular varieties of the rock, in which horn- 
blende occurs 1o the exclusion of augite, detached grains of a clear 
mineial resembling (piartz may frequently be seen scattered through 
a ])late of lioriibleride having definite optical properties. 

The constituents of the rock are hornblende, quartz, felspar, 
or minerals resulting from the modification of felspar, titaniferous 
magnetic iron-ore, sjihene, and apatite. The rock is to all intents 
and purposes holo-crystallinc and possesess the true micro-structure 
of a schist. 

The hornblende occurs in irregular grains, which possess definite 
optical properties, but are without external crystalline faces. They 
are usualh" of unequal dimensions in the different directions, and the 
corresponding axes of the different grains lie roughly, but not rigid]}^ 
parallel to each oilier in the rock. The longest diameter of a grain 
usually corresponds approximately to the vertical axis of the crystal, 
and lies in the plane of schistosity ; the mean diameter corresponds 
with the orthodiagonal, and also lies roughly in the plane of schist- 
osity ; the shortest diameter corresponds with the cli nodiagonal, and 
lies at right angles to the plane of schistosity. The general tendency 
to this mode of arrangement is admirably brought out when a 
section at right angles to the plane of schistosity and parallel to 
the direction of arrangement of the longest diameters is compared 
with one parallel to the plane of schistosity. On rotating the 
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temer aeolam orer the polarixer, the Fast majority of the grains 
m ieeia to change from a rioh de^ green to a very pale greenish 
yeXbw. The green tint appears when the direction of sohistosity 
m approximately parallel to the plane of vibration, and is due to 
llte fset that the least axes of elasticity are only slightly inclined to 
the long diameters of the grains. The pale greenish-yellow appears 
in the opposite position, and is due to vibration parallel to the least 
axes of elasticity in the different grains. On rotating the section 
parallel to the schistosity in a similar manner, the grains change, as 
a rule, from deep rich green to dark yellowish green, the former 
tint being due to vibrations parallel to the least, and the latter to 
vibrations parallel to the mean axis. It must be distinctly under- 
stood that the above orientation of the grains in the rock, though 
strongly marked, is not by any means rigidly followed. 

In some non-foliated varieties of the rock of these dykes, plates 
of hornblende of considerable size with perfectly characteristic 
cleavages occur ; and by exjwrimeuting on these it is possible to 
make out the characteristic pleochroism of the mineral. If we take 
a, /3, and y* to represent the greatest, mean, and least axes of 
elasticity respectively, then it may be detined as follows : — 

a = Very pale greenish-yellow. 

/3=Daiic yellowish-green. 
y=Rich deep green. 

The absorption for rays vibrating parallel to (3 and y is con- 
siderable, that for rays parallel to a is very slight. 

Next in importance to the hornblende are the pellucid grains of 
quartz and felspar. These] do not show a trace of extenial form. 
The majority of them are simple, but a few show signs of twin- 
striation. At fir^t I thought these grains were almost entirely 
composed of quartz ; but the chemical analysis show s such a close 
agreement between the schist and the dolerite that I can hardly regard 
this view as probable. Some facts will bo mentioned later on which 
throw light on the molecular changes observed in the felspar- 
substance ; but at present I must confess that 1 feel considerable 
doubt as to the possibility of separating the quartz from the felspar 
in this rock by micro.scoj)ic examination. 

The titaniterons iron-ore is sometimes seen in the form of long 
strips which lie in the plane of schistosity, and at other times it is 
present as small grains which occur as inclusions in the other 
cvystallme constituents. It is sometimes jmr tidily surrounded by 
grains of sphene. Broken prisms of apatite may frequently be 
recognized. The only other constituents of any note are a few 
turbid grains of what is in all probability felspar. The rock is 
therefore a typical hornblende-schist. 

The two extreme modifications of the rock forming these dykes 
have now been described at sufficient length. Prom a consideration 
of all the facts of the case, I have been led to the conclusion that 

* The form of the ellipsoid is assumed to be that usually observed in horn- 
blende. 
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the hornblende-schist has been produced by metamorphic change in 
the dolerite after consolidation, and it will conduce to clearness 
if the remaining facts are described from this point of view. If my 
conclusions should turn out to be erroneous^ the phraseology adopted 
would require modification, but the facts would of course remain 
unaltered. 

In considering the question of metamorphism as it affects 
the Scourie dyke, two points have to be attended to: — (1) the 
molecular rearrangement, (2) the development of foliation. An 
examination of a series of sections cut from different specimens of 
the non-foliated rock shows that a gradual transition occurs from 
the typical dolerite with lath -shaped felspar sections to a crystalline 
granular aggregate of hornblende, felsi)ar, quartz, and titaniferous 
magnetic iron-ore, in which all trace of the true microstruclure of 
the dolerite has been lost. This shows that the molecular rear- 
rangement may take place without the development of foliation. 
The change from augite to hornblende has been so frequently 
described that it is quite unnecessary to enter into details ou the 
present occasion. All stages of the transition may be observed in 
the sections taken from different specimens of these rocks, but not 
in sec lions taken from any one specimen. Some show the augite 
with mjirginal hornblende ; others show the hornblende with a 
distinct nucleus of augite; and others show the hcrnblende con- 
taining indistinct patches and fibres of augite. The final stage is of 
course one in w’hich no trace of the original augite exists. The 
appearance of quartz in connexion with this change has been already 
referred to. 

The changes in the felspar substance are equally remarkable, 
tbougli not so well understood. The original felspars, with their 
chai’acteiistic twin-strialion, may be traced into an aggregate of 
distinct giains frequently without twinning, and having independent 
optical relations. The general structure of these aggregates fre- 
quently reminds one of suussurite. 

Sometimes the felspar substance is turbid, but in many sections 
it is perfectly clear and limpid, and difficult to distinguish from the 
quartz, which also occurs in these sections. I regret that I am 
unable to give a more complete account of the modifications which 
the felspars undergo. That they sutler a complete molecular rear- 
rangement is the only point which seems tolerably clear. The 
modification of the titaniferous magnetic iron-ore is partly mecha- 
nical and partly molecular ; that of the apatite is, I think, simply 
mechameal*. 

* The relations of the individual crystals and crystalline grains which form 
the constituents of rocks, to the deforming forces brought into operation in 
connexion with orogenctio movements, is a subject that will require much care- 
ful investigation. One or two facts of importance appear to be established. 
Under certain circumstances, as Prof. Bonney, Dr. Lenmann, and others have 
shown, the individual minerals become crushed, and a rock to which the term 
clastic is strictly applicable may be produced without the a^ncy of denudation. 
Under other circumstances the deformation appears to be accompanied by 
molecular rearrangement without anything anedogous to crush. Thus Heim 
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With regard to the develi»pin(‘nt of loliotiori tlie e\i(l< nee is \(‘ry 
satisfactory. The tnuiMtioii from a <*r\stalline grauuKu rock to a 
perfectly ty]>icul scliisi ina\ occur in tiu' spaci* of an incli. The 
siiecimeu figured (tig. l)\\as ac( idi'iit.ill) tia‘*tnre(k and a tilth* of 

Fig. 1. — Wovk shoiiluff firanuhtr to K>li((t< I Stnnt(tre» 

('riiroe foinths natui.il m/o.) 



( d<T a *l tHu lii.t*! o» p to tlx* luf*t 

Uki* m rt 1« to tlx* II<»(*)»L'ohjr^‘*kalk, the 

mc\iM<lu il c ih*o-c irraia- in* »»f ur,i**jii.il tlitn.-nHjoii** m tlx* diflfn'ut <hr<*rtioti«, 
and thfir Uinrixor^ 1\ Oit; )> .r* (U* i tox.uli ntix'P m tlx* plain* of 

ftltlioijirVi jii tlx* iiix-hfuxd k tlx* r*r\ ~t ’ilhix* j^i.iin*^ an* of nearly 
equal <U«x*i»Mons4 in tlx* <lifh n*nt tlirn'tion*. II« ‘4utrgx*st« th.tt thl^ is due to the 
plafitic detorTiKitnxi (»t tlx* uxiiMtluii «:r»inH nf caleite Li hmaiin (Ihe 
iCntstehung <h*r altkr\stallinin< Ixm .s<»hief* r(:»*stc!ne, ]y ill?) ohjxciH to thm 
Tiew and call** nitentxm to the Mi(h*nc(**ol tract are aixl criiNli oceurroio m the 
rf>ck*i jn% castigated h\ him. Jhetaet e-tahlislx'd h\ lleim requ ir(‘s an expla* 
nation, howe\f*r, and the rno-t oh\ious one i«, tlx aHMinijition tint a molecular 
rearrangement occurs m the n Inte under the mechaincal conditions ulnch 
determine the clea\age. The iollouiiig imporUnt questions remain to lie 
solved : 

Under what conditions is tlie deformation of ro<*ks accompanied h\ aerushing 
of tlie individual constituents? Under viliat CfniditioiiH n it aecompanied by 
entire molecular rearrangement ? And laHtl^>, Under what conditions do these 
two more or less opposite phases of incturnorphiHm ocinir at one and the same 
time ? 

In the norUi-v^est of Scotland there are seliists that have been formed by 
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the intorveniii" material lost; hut the two portions are represented 
in their natural position, and the zone of transition is fortunately 
preserved in the upper one. A large section prepared through the 
zon(‘ of transition shows in a very perfect manner its gradual 
chaiacter. 

Tn what way was the foliation produced ? The only answer that 
seems possible is, that it was caused by movement when the mass 
wa^' in a plastic state ; hut plasticity may arise in two ways. 
Under moderat(‘ pressures it can only occur when the material is in 
ilu‘ fluid condition, that is, when the cohesion is slight; but under 
very high pressures it may be produced in l)odies which are solid 
uiuier ordinary circumstances This notion of the plasticity of 
solids is, of course, one of immense significance in relation to rock- 
deformation, and is doubtless destined to play a most important 
part in all (piestions rdating to the origin of the crystalline schists. 
Tlie phenomena of the Scourie dykes appear to me to show that the 
plasticity which has led to the development of foliation, is that due 
to high pressure at ordinary temperatures, rather than to high tem- 
peratures at ordinary pressures. 

The optical anomalies due to strain, the bending of the twin 
lamellae, and the actual fracture of the felspar crystals of the 
dolerite, are best explained on the assumption that the rock has 
been affected by pressure after consoKdation, and the same assump- 
tion explains the curved and confused arrangement of the joint- 
planes which is occasionally observed. Then the fact that the 
planes of foliation frequently cut across the dyke and run parallel 
with the prevalent strike of the gncissic banding, is difficult to 
account for on the view that the foliation was produced by 
movement during the final stages of consolidation, though easy to 
explain on the alternative hy])othesi8. The curious interfelting of 
gneiss and dyke at the junctions in certain places also appears to 
indicate movement posterior to consolidationf. 

Mechanical d('formation accompanied by molecular rearrangements 
has profoundly affected the gneiss itself; and I have little doubt 
that some of this has taken place since the intrusion of the dyke. 


mechanical action alone, others that have been formed by mechanical action 
supplemented by a cerhiin amount of molecular rearrangement, and others, again, 
like the hornlueiide-schist of the Scourie dyke, in which a complete, or nearly 
com))lete, molecular roarraugemeut has taken place. The data for the solution 
of the above problems are therefore in all probability to be found in this region. 

^ Tresca, “ Flow of Solids,'’ Proc. Inst.Mech. Eng. 1878, p. 301. 

I It is interesting to note that if this process of interfelting were carried on 
to a much greater extent, it would lead to the disappearance of the dyke as such. 
The only evidence that would then remain to attest the former existence of the 
dyke would be tlie presence of bands of horn blonde-schist in the gneiss. We 
know nothing as to the age of the dyke except that it is later than the so-called 
Archaean gneiss. It is somewhat interesting to contemplate the possibility of a 
later d>ke of unknown age becoming part and parcel of Archaean gneiss ; and 
the reflection may serve to suggest tliat our gneisses and schists may be of very 
complex origin, and may contain, as Prof. Lapworth holds, elements derived from 
formations of very different geological age. 

Q.J.G.S. No. 162. M 
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One fold occurring not far from the dyke is figured below (fig. 2). 
The parts marked with crosses are lumps of hornbloudo-rock. 


Fig, 2 . — Fold in Hebridean Gneiss^ 3 or 4 feet across. 



Another argument tending to show that the foliation has been 
developed by mechanical action subsequent to consolidation may 
be founded on the fa('t that the parallel structure does not occur in 
the rock in which th(‘ original aiigite and fel8]>ar maybe recognized. 
The hornblende occur® alone in the foliated portion. 

The relations of augite to hornbhMide arc of great interest in 
connexion with the origin of the crystalline schists, and they have 
recently been discussed by th<‘ American lithologists, Prof. 11. D. 
Irving*^ and Air, (t. H. Williams t. at consi<Ierable length. Mr. 
Williams points out thiit augit(‘ a])pears to be th(‘ stabl(‘ form at 
high tempeiaturc^, hornblende at low tem]>eratures, so that any 
condition tending to facilitate molecular readjustment at ordinarj^ 
temperatures must necebsarily tend to facilitate the change from 
augite to hornblende. The enormous ]>resburos brought into 
operation in the ])rocess of mountain-making may, as Air. Williams 
states, not unreasonably be su])])Osed to sup]dy such conditions. 
The relation of crystals to their environment is one uliich lithologists 
have most carefully to consider. A crjstal is doulitless in 8tabli‘ 
eejuilibrium, so far as the molecular forces arc* concerned, when subject 
to the conditions under which it is formed. Und(*r other conditions 
it may be in unstable ocpiilihrium, and ready tln'refon* to undergo 
molecular readjustment the moment such readjustm(‘nt becomes 
possible. 

Wo conclude, then, (1) that the hornblende-schist of the Scourio 
dykes has been developed from a dolerite causes operating aftei 
the consolidation of the dolerite, and that tlie inotamorphosis has 
been accompanied by a molecular rearrangc^nnuit of the augite 
and felspar ; and (2) that the molocuhir rdarr.'ingomont has, ir 
certain cases, taken jdace without the dfwclopment of foliation. 

♦ Amor. Journ. Sci. ser. 3, vol. xxvi. p. 27 (1883); ibid. vol. xxvii. p. 13< 
(1884). 

t Amer. Joiim. Sci. ser. 3, vol. xxviii. p. 259 (1884). 
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To give anything like a critical account of the previous work 
bearing on the subject would increase the length of this paper to an 
extent that seems scarcely desirable. I may mention, however, 
a few facts which show that the point here advanced is by no means 
new. Dr. Groikie, in his review of Dr. Lehman n^s work, in ‘ Nature,^ 
mentions that Prof. Jukes long ago suggested that many areas of 
hornblende-rocks may bo due to the metamorphosis of basic lavas 
find tuffs. Mr. Darwin in his ‘ Geological Observations,’ 2nd edit. 
]). 432, calls attention to the gradual passage from hornblende-slate 
to greenstone ; but he regards the latter rock as representing the 
extreme of metamorphism. Mr. Allport, in his valuable paper ‘‘ On 
the Metamorphic Pocks surrounding the Land’s-End mass of Granite ” 
(Q. J. G. S. vol. xxxii. p. 422), refers to certain greenstones 
which ‘‘ might almost bo described as hornblende-schists,” and in his 
summary expresses the opinion that “ hornblende- schists may be 
metamorphosed igneous rocks, some being derived from dolerites 
or gabhros, while others are ver^' probabl}" foliated diorites.” 

Schistose greenstones ” are described by Mr. J. A. Phillips in 
liis two papers “ On the so-called Greenstones of Cornwall ” (Q. J. G. S. 
vol. xxxii. p. 15.*) and vol. xxxiv. p. 471). Prof. Penney, in a paper 
on “ The Hornblendic and other Hchists of the Lizard District 
(Q. J. G. 8. vol. xxxix. p. 14), refers to the transition from hornblende- 
schists to ii rock resembling diorito. 

Dr. lichmann, in his work ‘ Die Entsteliung dor altkrystallinischen 
Schiefergestcine,’ d(‘scribes the passage of gabbro into schistose 
ami>hibolite. M. Penard, M. von Lasaiilx, and others hold that the 
amphibolite schists of the Ardennes have beiMi produced by the 
mechanical metamorphosis of diorite. Adolf Schenck describes 
schistose^ diabase in a j)aj)er on •• Die Diabase des oberen Ruhrthals,” 
Inaugural Disseitation, Bonn, 18S4. 

This account of ])revious works bearing on the subject is very 
incomplete, but it is sufficient to^liow that the conclusions suggested 
by an examination of the Seourio dykes liave been more or less 
aiitici])atod by many pr(*vious writers. 

In concluding this paper, I should like to take the opportunity 
of acknow1(*dging my indebtedness to Prof. Lapworih. In the 
summer of 1 SS3 he very kindly conducted l^rof. Blake and myself 
over the Erribol area, and explained to us the very comi»licatod 
stratigraphy of that interesting region. He called' our attention to 
the secondary structures developed in the rocks by mechanical action, 
and instructed us where to collect specimens thiit would best serve 
for the imrpose of microscopic examination. At the time we were 
on the ground 1 could not follow him at all })oints, because the subject/ 
was new to me as regards both the stratigraphy and the petro- 
graphy. Indeed it was not until I had examined the rocks collected 
under his supervision, as well as others obtained by myself in other 
regions of the north-west of Scotland, by the fiid of the microscope, 
and had read the work of Dr. Lehmann, published shortly after, that 
I fully realized the significance of many points that Prof. Lapworth 
had insisted upon. Although Prof. Lapworth has not seen the 

h2 
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Scourie dykes, I feel that it would not be right to allow this paper to 
pass without pointing out that the ideas expressed in it have been 
to a very great extent suggested by the lessons he taught me in the 
Dumess-Erribol area during the summer of 1883. 


EXPLANATION OP PLATE II. 

Fig, 1. Lolerite (diabase) section showing latli-shaped felspars, crystalline 
plates of augite, titaiiiferous magnetie iroii*ore, secondary hornblende, 
and green decomposition-products. Magnified 24 diameters. 

2. Hornblende-schist viewed with polarizer only. Plane of vibration at 
right angles to schistosity. Hornblende, colourless crystalline grains 
(quartz and modified felspar), and titaiiiferous iron-ore jiartially 
surrounded with sphene. On rotating stage through 9(1®, all the 
yellowish -green grains change simnltaneously to deep green. Magni- 
fied 50 diameters. The hornblende is more abundant in the portion 
of schist here represented than i& umi 11} the case. 


Discussion. 

The President pointed out that while others had suggested the 
relations in certain cases between igneous and met amorphic rocks, 
to the author belonged the merit of btiving demonstrated this in a 
particular instance. He agreed with him that the schistosity of 
the rock of the dyke could not have been produced during the 
cooling of the ma.^^s. He had always thouglit that some of the 
hornblende-schist of the Lizard might similarly have been derived 
from basic igneous masses ; but when working there he had fjiiled 
to obtain any proof of it, 

Mr. B.vuerman remarked on dykes in the older Archaean rocks 
of South America, which sometimes run along planes of foliation 
and at others ent across them. He thought that in such eases the 
dykes were probably not verj’ different in age from the gneiss 
which they traverse. 

Prof. Seeley said that the intere.st of Mr. TeaU’s work was in 
the direct conversion of a volcanic texture into a schistose texture ; 
but though the fact was new, it did not need any n(‘W views in 
metamorphism to explain it. We could only conceive of the change 
taking place after the dyke had cooled and cracked, because the 
rock could not otherwise have offered the resistance under which 
the crj'stals would extend themselves at right angles to pressure in 
the foliated part. He thought tliat the change had be(‘n an ex- 
tremely slow one, due to the temperature of the water in the 
cracked rock being raised by pressure, so that it had slowly dis- 
solved the material of the dyke, which had as slowly roerystallized 
in a schistose form. Mr. TealTs account was conclusive; but such 
origins for hornblende-schist are necessarily local. 

Dr. Hicks thought that the case cited in this j)apor, whore one 
cr}^Btalline rock was changed into another and into closely allied 
minerals, probably by inWtration along minute fissures, lent no 
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support to the extreme views held by some concerning the meta- 
morphism of sedimentary rocks. 

Prof. Blake asked how it was that one part of the dyke was 
changed while the other part was not. He objected to the view 
that because the change might take place in a range of a few inches, 
therefore great masses of rock could be changed in the same way. 

Mr. Hudleston remarked on the difference between the horn- 
blende-schist of the dyke, consisting largely of hornblende and an 
altered felspar, and the common hornblende-schist, which consists 
chiefly of hornblende and quartz. 

Mr. Kilo OUR called attention to the fact that by pressure a 
similar fibrous structure is produced in cast-iron. 

The Author, in reply, pointed out that while the gneiss of the 
country showed signs of great disturbance, the dyke maintained its 
direction with a considerable amount of regularity. It seemed 
evident then that the disturbances to which the gneiss had been 
subjected must in the main have been produced before the intrusion 
of the dyke. He had not argued that all hornblende-schists were 
metamorphosed dolerites, but only that a particular hornblende-schist 
been produced in this way. Why movement and metamorphism 
had occurred at certain ^Joints and not at others ho could not explain. 
The typical schist of the dyke was composed almost entirely of 
hornblende and a mineral or minerals occurring as colourless crys- 
talline grains. Turbid felspar was rare, and, in the most perfect 
schist, almost if not entirely absent. The colourless grains he 
originally regarded as quartz, but ho now felt considerable doubt as 
to their inecise character. In every respect, so far as his expe- 
jience enabled him to judge, the schist appeared to resemble the 
typical hornblende- schists of the so-called Archaean rocks. 
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18. On the 8.\V. Extension of the Clifton Fault. By Pkop, C. Lloxo 
MOBG.VN, F.G.S., Assoc. K.8.M, (Read December 17, 1884.) 

On the right bank of th(‘ Avon, somewhat below the Suspension 
Bridge and a little beyond the Clifton station of the Bristol Port 
railway, the Clifton fault cuts across the strata somewhat obliquely. 
On the southern side of the fault is massive Mountain Limestone, 
forming the bold bluff of the Observatory Hill. On the northern 
side are much contoiled red grit and limestone shales (see Map, 

Viewed from the opposite side of the riviT, the right bank, from 
the Suspension Bridge for half a mile northwards, shows the following 
features. The eastern tower of the Suspension Bridge is built on a 
solid mass of limestone, the western face of which fronts the river 
as an almost perpendicular wall of rock. At right angles to this, 
and parallel with the bridge-road, there is a second face duo probably 
to a joint plane, or a minor dislocation of the strata parallel with that 
caused bj' the Clifton fault. This vertical lace forms the southern 
boundary of a little recess in the rocks, in which lies the Clifton 
station. On the northern side of the station ris(‘s the somewhat 
dislocated mass of limestone which fonn> Observatory Hill, and 
which, on its southern side, abuts against Millstone (irit and Upper 
Limestone Shales brought down })y the Clifton fault. The whole 
appearance of the side of the ravine now^ change^, and in jilace of 
vertical limestone cliffs there is a W’oodecl slope. Close to the rivtu*, 
however, the rocks are W'cll ‘'Cen in section, and show’ bands of hard 
grit characteristic of the U}>per Limestone Shales. Those bands, 
passing under the Avon at the point marked a on the map, hav(^ 
hitherto caused a shallowing of the river at tliis point. Blasting 
operations are at present in progress ])\ which this obstruction wdll 
be removed. Some paces from Die fault, solid limestont rises 
from the river-ride (at r), but is, a little further north, cut into l>y a 
wooded notch {h) in which runs the patli, knowm as the New Zig/«ig, 
which joins the road near Proctor’s Fountain. This notch starts 
from the point of junction, at the surface of the downs, of tloi solid 
Mountain Limestone and the Upper Limestone Shales, which me, 
however, here uncoiiformaldy overlain by the dolomitic conglomer.ito 
of the Trias. 

The throw of the fault on this (Uouccstershiio bank 1 estimate at 
about 1150 feet vertically, which is some B50 teet greater than that 
given by Buckland and Conybeare (Trans. Geol. Soc. 2nd scries, vol. 
i. p. 241), and by AV. Stoddart (Proceedings of the Bristol 
Naturalists’ Society, new series, vol. i. p. 828). On the Somersetshire 
bank I make the throw 50 feet less. This dilforciice may be • due, 
in part at least, to the dyiiig-out of the fault in that direction. 
Ta^ng as a datum-point tlie intersection of the line of fault and 
that of high water on the Gloucestershire side, tbe rocks which have 
been relatively shifted downwards are Mountain Limestone, about 
710 feet, and Upper Limestone Shales about 440 feet. If we take 
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Mr. Stoddart’s estimate (Geol. Mag. toI. ii. p. 83) of the thioknew 
of the Upper Limestone Shales at 600 feet, which 1 think is a fair 
one, there will bo 160 feet or so of these bods above oigh-watw 
mark, above which the Millstone Grit wUl be brought down. Tins 
accords verj- well with the facts, that contorted grits and shales are 
seen from the new road some oO or (iO feet above liigli-w ater mark, 
and that above this little but grit is to be found. It must be 
remembered, however, that the beds in the immediate vicinity of 
the fault on the down-throw .side are exceedingly contorti-d. 

A curious effect of the general sijneeze by which t he nn-ks here 
are litcrallv “ in one red burial blent,” is well shown ui the imniediiUe 
neighbourhood of the line of fault on theliloucestorshiro muo ol tno 
river. Here, over a face of limo«toiio di]>ping I has bi‘e/i thrust 

a semicircular mass of rock with au external layer of grit, thoii a 


band of limestone, and internally a core of grit. 

Further eastward on this same (Uoucestersliire, or (’lifton, side of 
the Avon, the effects of tlu' fault on the jilij sical features of the 
countr}' are well marked, causing the well-d(‘fin(‘d d(‘j)ression in 
which lie Triassic beds between the Clifton Downs (with its tongue- 
shaped mass of limestone stretching westward from Tlie Suspension 
Bridge) on the south, and the northward-trending limestone mass 
of Durdham Downs on the north. (See nia]).) 

Passing now to the oppo.site, or Somersetshire side, wo find the 
following features, as seen from such a standpoint as the Observatory 
Hill. A little to the north of the Suspension Bridge^ is the deep 
indentation of Nightingale Valley, tlie southern side of which is hero 
precipitous, and answers to the vertical face which forms the 
southern boundary of the station-recess on the Gloucestershire side 
of the river. The northern side of the valley is less 2 >reei])itous, 
forming, in fact, more or less of a dip 8 lo 2 >e of limestone. A liiindred 
and fifty yards or so further north is anotluT i)rc'cipitous face of 
limestone, that caused by the fault. Aftei* this, as we pass north- 
wards, there is, on this side of the river as on the Clifton side, a 
wooded slope. The solid limestone rises from the river-side at a 
distance of som(‘ 210 paces from the faulted limestone face. 

Owing to the fact that the fault cuts across the strata oblicfuely, 
lower beds of the Mountain Limestone are intersected on tliis side 
of the Avon than W'erc cut on the Clifton side. Ifenci! the rocks 
relatively shifted down>vards at the point of intersect ion of the line of 
fault and the line of high water here are Mountain Jamestoue, about 
780 feet, and Upper Limestone Shales about foot, making a rela- 
tive displacement of 1 1 00 feet, llemenibering that the Upper Lime- 
stone Shales are some GOO feet in total thickness, this leaves 270 feet 
of these rocks, which would thus just extend to the top of the cliff. 
Under these circumstances we should not expect to find Millstone 
Grit faulted down on this side of the river. Nor have I on careful 
search been able to discover any beds of this rock. At the point 
marked on the map, however, I have found well-defined bands of 
grit interstratified with limestone, showing that we here have bods of 
the Upper Limestone Shale. 
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In Messrs. Buckland and Conybeare’s paper on the S.W. Coal- 
district (Trans. Geol. Soc. 2nd series, vol. i. p. 242), attention is 
drawn to the fact, “ that the fault may be traced up the gully 
which bounds the northernmost of the two Roman camps in Leigh 
Wood.” Beyond this suggestive observation I am not aware of any 
published account of attempts to trace the further south-western 
extension of the fault. But since the Upper Limestone Shales 
faulted down are softer than the solid limestone, we might very 
probably, so it seemed to me, find a line of depression marking the 
line of fault and running south-westward from this gully. Such a 
line of depression actually exists ; and I have ventured to mark it 
in the accompanying map as Upper Limestone Shales. It runs from 
the neighbourhood of Hill Earm across Beggars’ Bush Lane, through 
the northern corner of the Ashton Park estate, across the Abbots 
L('igh road, in which the depression is well marked, and so to the 
head of Nightingale Valley, along which this natural line of drainage 
then passes, deserting the line of fault, which crosses Nightingale 
Valle}" about halfway uj), and so passes to the gully mentioned by 
Messrs. Buckland and Conybeare. It is interesting to notice that 
the point where the fault crosses the Nightingale Valley is indicated 
by a well-marked change in the physical features. Up to that point 
the ascent is steep ; beyond that point it is much more gradual. 
Up to that point the southern (left hand) side is precipitous, beyond 
that point it has a more gentle slope. Up to that point the valley 
is a deep notch, be} ond that point it widens out. These changes 
result from the bringing in of the softer rock by the downthrow of 
the fault. 

Another point is of interest. AVest of the point T have just 
alluded to, a triangular wedge of limestone is cut otf by the line of 
fault and the lino of the valley, which intersect at this j)oint. (See 
map.) This triangular wedge of limestone formed too marked a 
natural featurt* to be missed by the Britons, who accordingly 
strengthened it b} building a vallum along its faulted side ; so that 
the hue of this Stoke Leigh Camp (marked camp ” on the map), 
as suggested by Buckland and Con}beare, shows roughly the line 
of the fault. 

I have before mentioned that beds of grit belonging to the Upper 
limestone Shales are found on the Somersetshire bank at the point 
marked h on the map. AVhere the Upper Limestone Shales come 
in on the north side of Nightingale Valley, I have, however, not 
siicceeded in finding any definite hands of grit, though fragments of 
siliceous rock are abundaut. Near the head of Nightingale Valley, 
at c, beds of clayey shale are exposed. And in the Ashton Park 
grounds, across the north corner of which I have been able, through 
the kindness and courtesy of Sir Greville Smyth, to follow the Ime 
of depression, there are some quarry-pits, at d (see map), in which 
white clayey bands are interstratified with bands of limestone. 
And, yet further to the south-west, in the fields that lie between 
Beggars’ Bush Lane and Hill Farm House, there are many sandstone 
fragments mingled with stones of Mountain Limestone. 
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Before reaching Hill Farm the depression ceases or widens out 
somewhat indefinitely. This is what we should expect. For since 
the line of fault cuts across the strata obliquely, thus cutting lower 
and lower bods of the Mountain Limestone, and since the fault shows 
signs of dying out in this S.W. direction, a point must be reached 
when, instead of Upper Limestone Shales being faulted down 
against limestone, beds of Mountain Limestone are faulted down 
against lower beds of the same rock. And since it is only by the 
bringing in of the softer beds that the line of depression is produced, 
when these beds are no longer brought down to the present surface- 
level b}’ the fault, the line of depression ceases. 

I thought it worth while to calculate the distance at which the 
fault would cease to bring down Upper Limestone Shales to the 
present surface-level, on the supposition that it sliows no tendency 
to die out in this direction. Supposing that the (>00 feet of Upper 
Limestone Shales are just faulted down in the Leigh Woods, on the 
Somersetshire hank of the Avon, the breadth of surface covered by 
these beds, at a dip of would be about Lioo feet. The strike 

of the strata is east of uorth, and the direction of the fault is 
70*^ east of north. The fault then'fore cut*s the strata at an angle of 
5°. At such an angle the 1 JlOO foot of Upper Liniestom' Shales would 
gradualh thin out, wedge fashion, as we jiass westwards along the 
line of fault, — the point of the wedge, where tlu' Upper Limestone 
Shales c€*ase to come to surface, being about yards from the 

Avon. But Hill Farm, where the d(*pri'shion before alluded to 
ceases, is, according to Mr. SandiTs' map, not more tlian 22oo yards 
from the Avon. Tlie difforenic I beii(‘ve to be e\ddence of the 
dying-out of the fault in t}ii'> direction. 

Beyond Hill Farm there is no means of tracing the fault. A 
quarry a littL he\ oiid tie* farm, at < map), shows no sign of shaly 
or sandy beds. But it is worthy of note* that if we produce the line 
that is marked by the Upp(*r-Limegtone-Shales dej^ression, in a west- 
south-west direction, until it cuts the junction of ^Mountain Lime- 
stone and Lower Limestone Shales, wo find at this point a grc'at con- 
fusion of dips. Within a cou])le of liundred > ards or less we find 42^ 
E.N.E., 2o° S.S.kb, 22^ S., 1 tP W., 10° E.N.E. Still this represents 
but poorly the 1150 feet of throw on the tlloucester shire bank of the 
Avon. If the fault have not practically died out as such, w(‘ should 
expect, here in the neighbourhood of the* junction of the softer 
Lower Limestone Sliales and the harder ^Mountain Limestone, some 
more marked evidence of its existence. The only further evidence 
of this kind which I have found, and I do not wish to lay any great 
stress upon it, is this : that at a point a little to the north of the con- 
fused dips, in the midst of the line of dejiression that marks the 
Lower Limestone Shales, there is an island of Mountain Limestone, 
at /on the map. Owing to its existence Mr. Sanders, in his map, 
has carried his Mountain Limestone boundary-line outside this, so 
as to include it in the Mountain Tamestone. But I would suggest, 
as possible, that this island of Mountain Limestone in the depression 
is the remnant of a wedge of this rock faulted into the Lower Lime- 
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stone Shales, there being also a corresponding wedging of the Lower 
Limestone Shales into the Mountain Limestone as indicated by the 
S-shapod boundary-line in the map. And I may mention that I 
have some evidence of the prolongation of the Mountain-Limestone 
wedge still further westward into the Old Bed Sandstone. 

In conclusion, I would draw attention to the fact that the marked 
north-east trend of the Mountain-Limestone uplands from the point 
of confused dips just alluded to, is undoubtedly, in part at least, 
caused by the Clifton fault ; and to the further fact that the line of 
this fault is, rouj»hly speaking, parallel with that of the great Clapton- 
in-Gordano fault. Messrs. Buckland and Conybeare suggested that 
*• it is not improbable that the two may be connected f but of this 
there is no direct evidence. 


Discussion. 

Dr. Evans thought the paper was one of great value ; he asked if 
there were not proof of the existence of more than a single fault. 

The A urn OB said that at present he could find no proof of the 
existence of a fault in the lino of the Avon gorge ; the principal 
fault ib nearly at right angles to the line of the river. In answer 
to the Chairman he said that to the cast the fault was obscured to 
some <‘xtent by the overlying Trias. 
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19. On Fulgurite /rom Mont Blanc ; with a Note on the Bouteil- 

LENSTEIN, or PsKUDO-CHRYSOLlTB of MoLUAUTHEIN, in BoHEMIA. 

By Frank Butley, Esq., F.G.S. (Bead January 25, 1885.) 

[Plate IH.] 

An interesting paper by Mr. J. S. Diller, of the United-States 
Geological Survey, upon fulgurite from Mt. Thielson in Oregon, 
appeared in the ‘ American Journal of Science,’ vol. xxviii. Oct. 1 884, 
in which allusion was made to the effect of lightning upon horn- 
blende-schist on the summit of Mont Blanc, as noted by Be Saussure. 

On reading this, 1 remembered that some years ago Mr. James 
Eccles gave me two or three small specimens showing evidence 
of fusion on their surfaces, wln(*li he at the time considered to 
be due to the action of lightning. They were collecied by him on 
the summit of the Dom du (ioute from small p(‘aks of rock rising 
out of the snow at a height of feet above the sea-level. 

These peak'^ form part of the chain of Monl Blanc. The fragments 
are small «nd consist of liornblendt* gneiss ; for they conttiin some 
felspar, and one of the hp(‘cimens is traversed by coarse irregular 
foliations of felspar. Mr, Chittdl has made several attempts to 
prejjare a section throutrli this s])e(imen with the tliin fulgurite film 
adhering to it, but unfort unateh failtMl, llu‘ fulgurite cnimbling 
away in eacli trial. The cuts made through the speeimeii at various 
points show’, however, tliut the fulgurite is quite sujH*rficial, no 
trace of fusion being visible below' tin* original suiface wTien the 
cut surfaces are examined with a lens. Imleed tbei(‘ ai>pearb to be 
no alteration of the rock from the electric Hash, (*xcept on the 
actual surface itself, W’bere a number of gloluiles, sometimes in the 
form of attached spheres, sometini<‘s in quite irregularh fused pellets 
and blotches of brow iilsh-ldack and of w bib* glass, liave been formed. 
The latter is the frothy glass or enamel r(‘bulting from the fusion of 
felspar, while the dark glass is due to the fusion of hornblende. 
Upon one piece the surface is fretted and IdisttTcd over an ar(‘a of 
about half a square inch. Some of tlie glohul(‘s have minute lioles 
from which gas has escaped ; w'hile others liave been iidlated into 
thin, spherical, or irregularly hlisiered bubbles (PI. JIJ. tig. 1). 
The dark glass is tough, some jiresbure lieing needed in ord(‘r to 
detach small pieces from the liroken bubbles. Fragments of these 
hubbies, when examinod under the microscope with higli powers, 
appear to be absolutely btriictureless and to contain nothing but a 
few small gas- bubbles (PI. III. fig. 2). In this respect the glass 
corresponds precisely wdib the Mt. Thielson fulgurite described by 
Mr. Biller, for there is no trace of cystallization-produets in cither 
case. PI. III. fig. 4 represents an olougated and twisted gbiss 
enclosure containing many gas-buhblcs. It occurs in a fragment 
of the fulgurite. On the surface of one of the specimens three or 
four glas8->)ubhle8, each about the eighth of an inch in diameter, adhere 
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to the rock quite close together, while from them a series of minute 
globules of glass appear to be scattered in a somewhat radiating 
manner, some of them being connected with the larger globules by 
a thin fretted trail on the surface of the rock, indicative of the 
si)uttering of the fused material from the point struck by the 
lightning (PL HI. fig. 3). The blow-holes of the glass vesicles 
from which the gas has escaped show an involution of the vesicle- 
waU around them, as though each hole had been formed by a 
wire pressed into the bubble while hot. This involution of the 
vesicles around the blow-holes is possibly due to fusion, cooling and 
contraction taking place with extraordinary rapidity. That the 
cooling of the glass was unusually quick is proved by its freedom 
from crystallites. Fulgurites, on this account, are probably the 
purest natural glasses ever formed. 

The edge of a thin splinter of the rock taken from this specimen 
fused with intumesence, before the blow-pipe, to a dark glass similar 
to that of the fulgurite-globules. 

The dark and the white glass globules do not, as a rule, appear to 
have mixed. They are often distinct, even when in contact, showing 
a clear line of demarcation between the two different kinds. Some 
instances may, however, be seen in which the dark shades off into 
the white glass. The fusion of both the hornblende and the felspar 
must h lvc been so instantaneous, and the cooling so unusually rapid, 
that the fused surface of each crystal solidified almost exactly in situ^ 
except whore a sputtering of the molten matter was caused, either 
by the force of the electric shock or by sudden disengagement of gas 
from the fused material ; for, in presence of such intense heat, the 
difforeneo in the respective fusibilities of the hornblende and felspar 
cannot be taken into account. 

On showing one of these fulgurites to Prof. Judd, he thought it 
might } et be i)Ossible to procure a microscopic section of the rock 
with some of the fulgurite adhering to it. It is to his kindness in 
making several preparations that T have been enabled to give the 
drawing of the edge of one of the sections showing the fulgurite, 
containing one or two gas-bubbles (6 fig. 5, PI. III.) attached to the 
rock, rnfortunatidy at this point the gneiss lying immediately 
beneath the fulgurite has some very opaque bands, which by reflected 
light appear white, not more so, however, than in many other parts 
of the s(‘ction remote from the edge or original surface of the rock ; 
and from this 1 think it may still be inferred that little or no 
alteration has been clfocied beneath the surface by the lightning. 
Some hornblende also underlies the fulgurite and still shows 
dichroism. The section at all events demonstrates that the vitrifi- 
cation has been purely superficial. The foliation just beneath the 
fulgurite is perfectly distinct. From a microscopic examination of 
those slides which were cut from a specimen containing coarse 
foliations of felspar it is soon that the rock is hornblendic gneiss, 
the constituents being chiefly hornblende, triclinic felspar, and 
quartz. The hornblende is of a deep reddish-brown colour by 
ordinary transmitted light, and occurs both in large crystals and 



IMfeotm ahowing distinct cleavage, and also in aggregates of Bmaller 
climgated oiTstals apparently squeezed together with their longest 
axis in the d&eotion of the foliation. The felspars are triclinic, and 
tarn the extinctions in some of the crystals, they appear to he 
anorthite, the angles made by the direction of maximum extinction 
with the edge formed by the faces o P and oo Poo being 39^^ and 40^. 
Other felspar crystals in the section give, however, very different 
angles; one, for instance, extinguishes at 18‘' from the datum-edge 
in the + direction of IVfax Schuster, an angle which corresponds with 
that of brach}'pinakoidal sections of albitc ; but ai)art from the cases 
of anorthite, the extinctions in these preparations arc not very 
trustworthy. A splinter of felspar taken from this specimen imparts, 
however, a very strong yellow colour to the l)low-pipo flame, so that 
it is quite probable that albiti' is present. 

Note on the BorTEiLLENSTEix, or Psnrno-cnRYSOLixE, of 
Mold A rTH KIN in Boiie^mia. 

Bouteillenstein occurs in small irregularly sha]iod nodules and 
grains in sand near Moldautheiii in Bohemia, in tuffs in the 
neighbourhood of Mont Don^ los Ihiins, and IVssy, in the Auverjriio, 
and in one or two other loea lilies. These uoduh's hav(‘ ]»eculiarly 
pitted, corrugated, or \\Tinked snrfa(‘('s, which T think are due 
to irregular glass eiiclusures and gas-porcs, which, on tin* sur- 
faces of the nodules, been broken through and ])artially 

worn away. Tin* ghi'-s of which these nodules consist is considered 
by Zirkel, Uosenhuhcli, Von Lasaulx, and others, to be one of 
the purest glasses occurring in initure. A section of a small houtcdl- 
lenstein nodule, lent iik* by Prof. ,Tudd, shows a cousidorahlo 
number of gas-pores and gla^s enclosures, and is traversi^d from one 
end to the other by distinct and approxinmtely parallel banding, 
such as may he seen in many osbidians, but es])ecially in a red one 
trom the Yellowstone district, figured in vol. xxxvii. of the 
Quarterly Journal of this Soci<'ty (pi. xx. fig. 2). In d('scrihing 
this specimen I noted tliat .some of the hands show(‘d very distinct 
depolarization between crossed nicols, and that extinction occurred 
when the band.^ were brought ]iarallel to tin* ])riiu'i])al section of 
one of the nicols. The hands in tin* bouteillenst(*iii behave in a 
precisely similar manner, and in both cases tin* plieiioinenon may he 
attributed to strain^. The section contains numerous s])h(‘rical gas- 
bubbles and irregular glass enclosures, some fusiform, others cbih- 
shaped, while many as‘iiim(5 curious hulhous and slightly branching 
forms. They an* frequently j^roduced into, or from, d(*licat<‘ capil- 
lary rods, and they usually contain several, som (‘times a dozen or 
more, spherical gfis-))uhbles. Th(i surfaces of those glass enclosures 
do not, as a rule, ajipear to he smooth and cylindrical, hut they 

^ Obserrations upon dcpfJarization in connexion witli ntrain are btist made 
by artificial illuniinafion, and tlu* obsijrver sliould scrtMSi all extraneous 
light from the eye. This may be done by wrapping a liand kerchief round the 
eye-piece. 



F. BiraiLET ON BOUTEUXENSIEIK* 


155 


more resemble those of flint cores from which flakes have been 
artificially struck, or the surfaces of prisms of starch. They 
depolarize strongly from strain, and the glass immediately sur- 
rounding them is similarly affected, so that each glass enclosure is 
bordered by a nimbus which is traversed by dark brushes. The 
similarity of these glass enclosures to the one figured from the 
fulgurite of the Dom du Goutc is very striking. A great number 
of capillary glass rods pass obliquely through the preparation and 
are cut off by the planes of section, so that from a mere examination 
of the slide one can form only an imperfect estimate of the 
enclosures. The section shows one doubly refracting microlith, 
about length, with a dark zone. A few other 

diminutive doubly rtfracting specks are also visible under a 
tolerably high magnifying power. Some of the gas-pores are large, 
and, through grinding, have become filled with emery mud. They 
thus fail to show the bright central spot, and merely appear as 
circular, black disks. What looks like a clear glass ball, containing 
a nearly opa(iuo ])rownish sphere about ^th of its diameter, and 
liumeroufl minute angular granules, chiefly of glass, occurs in one 
part of the section. This hall is about ^th inch in diameter, and 
cau8(‘s a marked deflection of the banding in the adjacent glass ; but 
in this case ilierc is no strain developed, both the hall and the 
adjacent gla^s remaining dark during rotation between crossed 
nicoib. T have no doubt that this is merely a hemispherical cavity 
(part of a gas-hid )l)lc) filled witli Canada balsam and crumbs detached 
from th(‘ section during mounting. At another spot an opaque 
circular disk (part of a gas-bubble tilled with emery) has also produced 
a deflection in the haudiiig Although houteillcn stein is certainly 
a H'markahly pure natural glass, the glass of the fulgurite from the 
Dom du (loute is still j)urer, and while tlio termer possesses a well- 
iiiarki'd banded structure and a few microlith^, the latter is absolutely 
structureless, so far fis can be seen with an amplification of over 
1000 linear. That bouteilleiistein is an obsidian is denied by Ma- 
kovsky t : but (apart from its banded slructure) its glass enclosures 
and numerous gas-bubbles and its almost perfect freedom from any 
products of cryslallizalion, render its compaiison witli fulgurite 
not merely admissibh' but ])ossibly instructive. The bibliography 
of fulgurite consists, I believe, chiefly of notes by Dc Saussure and 
Humboldt, and more recent papers by Abich, G. RoseJ, Gurabel§, 
Harting i|, Ihiiner Wichmaim and Dillerff. 

* Tliat the strain in the bands results from a tension or stretching-out, and 
not from a eompres.sion at right angles to tlu‘ direction of tlie banding, etuinot 
bo proAcd, siiiee, in citlier case, one wuidd exjiect an elongation of the gas-bubbles 
ftj/ compression. In this instance tlie ]>ressure of the gas upou the wall of its 
c ivily has been greater than the prtssure upmi the surrounrling glass. 

t tJober die Boiiteillcnsteino ^on IVLihrcn ii. Bolimen, in ]Min. Mittheil. vol. iv, 
p. 4t3. 

t Zoitschr. d. d. Gtool. Oos. x\v. p. 112. g JNd, xxxiv. p. 642. 

|| Soc. Batnv. Amisterdam, 1873, p. 13. % N. Jahrb. f. Miii. 1876, p. 33. 

Zoitschr. d. d. Gool. Gess. xxxv. p. 849. 

tt Ainer. Joiim. Sci. xxviii. p 2f>2 
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to Prof. Judd for the trouble he has taken in preparing? the section)* 
upon which these ohservations have been mainly based. 


EXPLANATION OF PLATE HI. 

Pig. 1. Globule of brownish fulgurite glass detached from the surface of a speci- 
men of hornblende-gneiss. {j?unimit of the Dom du Goiit6, Cham of 
Mont Blanc The globule shows a blow-hole at j/, and its point of 
atUichment at or . X 25. 

2. Fragment of brownish fulgurite glass broken from a bubble. It simply 

shows conchoidal fractures and some gas-bubbles. No trace of 
cr\staIhzntion visible in it . X 120. 

3. Fulgurite on liorn blende-gneiss. The group of gla>a globules at c sliow' 

a somewhat radiate distribution, and some of them are connected by 
a .flight h vitrified trail. Natural size. 

4. Glass oiK'losure containing numerous gas-bubbles occurring in fulgurite 

glas>. broken from a bubble . X2.”i0. 

5. Fulgurite adhering to Mirfaee of hornblende-gneiss. At b two gas- 

bubbles are seen in the fulgurite glass which incrusts the surface of 
the rock, but does not penetrate. The dark opaque part of the rock 
immediately underlying the fulgurite appears white w'hen viewed by 
rellected light. Thin section. X 120 

All these spt'cimins are from the simc locality. Figs 1, 2, 4, and fy are 
represented a& seen under the miero’-eope by ordinary tranHiniOod light. 


Discussion. 

The pRUsiPExr said that Mr. Eccles. in some of his Alpine ascents, 
had made a number of observations on the action of lightning on 
rocks, and had pointed ont to himself an example of it on Monte 
Leone. 

Prof. Bovd Dvwkixs had not seen any evidence from the paper 
that the fusion in these cases was due to lightning. Ho referred to 
the vitrification of rocks produced in vitrified forts and by hoacons. 

Prof. Jui)i) referred to the discovery of fulgurite' ])y Abich on the 
Little Ararat, and to the existence of other glasses without crystal- 
lites in Siberia, Iceland, and New Zealand. 

The AuTnoK, in reply to Prof. Boyd Dawkins, explained that the 
rock could not, from its situation, have been fused by artificial 
means. 
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20. On Brecciated Porpido-rosso antico. By Frank Bdtlet, 
Esq., F.G.S., Lecturer on Mineralogy in the Thermal School of 
Science and Koyal School of Mines. (Bead February 25, 1885.) 

This well-known rock, the porphyriies of Pliny, the typical porphyry 
of the earlier, and one of the typical hornblende-porphyrites of 
more recent petrologists, has already been described in considerable 
detail by numerous writers, especially in an admirable paper by 
the late Prof. Delesse llis observations upon a large number of 
specimens collected at Djcbcl Bokhan, the Porphy rites Mens of the 
ancients, by M. Lefebvre, are remarkable for the precision with 
which they were made at a period when the microscopic examina- 
tion of thin sections of rock was unknown, or at all events in the 
very year (1850) when such sections were first made by Dr. H. C. 
Sorby. 

The obsorvaiions of Dclcsse were made chiefly with low magni- 
fying-powers upon polished surfaces of the rock, and by reflected 
light. Brief descriptions of it, based on the examination of thin 
sections, have also been published in several works. On looking at 
a section recently pre^pared from a specimen of this rock, I was 
surprised to see that it consisted, not of a continuous section of 
hornblende-porphyrito, hut of fragments of that rock held together 
by a micro-orystalline granular cement. On referring to Belesse^s 
j)aper, 1 found that he described two kinds of the Porfido-rosso 
antico, one being the rock in its normal condition, the other a 
l)rccciat(‘d variety. It is to the latter that I would now direct 
attention. 

The specimen is of t(m 1 dish-brown or maroon colour, flecked with 
small white or reddish -wliile crystals of feLpav and dark hornblende 
cr\ , stabs, which as a rule are coiusiderahly smaller than the felspars. 
Jt closely resenihh‘s the tig. 2 on the coloured plate attached to 
])eless(‘\s pa]»er. Th(‘ s^vtioii, when examined under alow power by 
ordinal y transmitted light (see figure, p. l^)^), is seen to consist of 
angular and siihangnlar fragment^ (d horiihlendo-porphyrite ranging 
from about an eighth of an inch in diameter to very small dimen- 
sions, and surrounded in most eases by opaque borders of what 
appc*ar to he daik granules. This bordering of the fragments and 
their fr(‘queiitly wa'Il-naiiided angles suggest, at first sight, the 
idea that they are lapilii which have undergone superficial fusion. 
That they are true iVagrnents tliere can bo no doubt ; for the horn- 
blende and felspar ervbials which lie on their margins are often 
irregularly broken away, while a fine debris of hornblende crystals, 
felspar crystals, and porpliMate gronnd-inass is scattered through 
tho micro-cr) atallino cement wdiieh binds tlic fragments together, 
Tho ground-mass of tho porpliyrito looks as if it were crypto- 

** Kechorches sur le Porphyre Rouge Antique et sur la Sy4nit« Rose 
d'Egyptc,’’ Bull. 8oc. 0<5ol. de France, scric, t. vii. 

Q. J.G.S. No. 102. H 
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crystalline, and has a bluish-grey tint, while the cement has a more 
coarsely crystalline texture, and is nearly colourless. 

Brecciaied Porjido-ro^o antico ( x 18 ; by ordinarj^ transmitted 

light). 

The siliceous cement is indicated on the margin by the letter C and a lino 
The distinct h -drawn cnstals are chief!} Iioinblende 


i 



it 


The differ ik( btt\N(en tiu fiugiiK iif •> md tin ((imiit w still inon stum^dv 
marked wlun the sutioii is mcwuI Intwicn trosstnl nicols 

Wh(n the section is placfd on an opsquo -uhite groniul and 
examined 1»\ icfiictcd light, the fragnunts apptar ot ,i pile 
}ello\Mhh colour, and tin ir houhrs, a\1ii(1i b} tninsinittcd light 
appeared dark, now exhibit a diqi jdlo^Msh or (otki-colonr 

On a bhek ground by r( fleeted light the fragments ha^e a 
jcllowisb-rcd toloui >\ith a more intcnsd) led border, in the onte'r 
(*dgo of whidi there is usual!} a belt ot }(dlo>Msh-^hitc o])aqne 
granules. The latter are appareiitl} kaoliiii/ed felspar— simi her 
granules, flecks and altered iclsinr (r}s(dls, exeurring irregularly 
scattered through the interior of the poiph}rite fi igments. 

The character of the borders ot those fragments indicates decoin- 
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position rather than fusion. The ground-mass of the porphyrite 
fragments, although possessing a finely granular or crypto-crystalline 
structure, appears very dark during rotation between crossed nicols ; 
and from this it seems probable that it was once vitreous, and that 
there is still more or less of a glassy residuum. 

The following extract from Delesse’s paper shows that he was 
well acquainted with the brocciated character of this reck, although 
he could not then have seen it in the perfection with which it is 
demonstrated in microscopic sections : — ‘‘ The structure of the 
Porfido-rosso antico is seldom completely uniform; it is often 
brecciated, as is the case in other porphyries, and especially in the 
melaphyrcs ; the angular fragments which it contains are therefore 
simply varieties of the rock itself. These fragments are sometimes 
quite distinct from the paste which surrounds them, and from which 
they arc sharply separated. Sometimes, on the other hand, they 
have no definite contours, and they melt imperceptibly into the 
porphyry.’’ (A figure in illustration of this is appended to his 
paper, in which the brecciated character is merely indicated by the 
nesting together of the felspar crystals in irregular areas.) “ One 
secs, in fact, that certain parts having angular forms are quite 
distinct from the paste, for they take a fine polish, have a slightly 
difIVreut colour, and contain larger and better-formed crystals of 
felspar. It is, liowever, impossible to distinguish the boundaries of 
porphyry-fragments corresponding to these angular patches ; for it 
ina} ho that liny are fragmenis which have been fused, or stuck 
together or that, the paste not having ])ecn brought to 

a state ot complete fiuidity and not having a uniform composition, 
the felspar was unequally (levelo])ed in the rock.” Prom a careful 
examination of tlie section already described, I do not think that 
this latter theory is tenable ; and although the former might at first 
sight a])pear to be true, } ct the decomposed character of the borders 
of the fragments contradicts such an hypothesis. As a rule, the 
fragments of a rock which has been crushed and rccementcd in situ 
would, if brought in contact, fit together aceurattdy like the pieces 
of a ]>uz/Jc. In the section before there is a general correspondence 
of the disrny)t(‘d ]>arts, although, in some places, the fragments have 
become widely separated and possibly shifted slightly in a rotatory 
manner; wlhle the alteration of some of the porphyritic felspar 
crystals into micro-felsitic matter, closely resembling the cement, 
tends, espt'cially wlieii such crystals lie 07i the borders of the frag- 
ments, to increase the impression that the neighbouring fragments 
would not fit together. 

If the fragments were volcanic ejeetamenta, there would be little 
or 110 tqipeanince of their former continuity. ^Moreover, in this rock 
there is not the slightest admixture of material derived from other 
rocks, while in volcanic tuffs and dust one frequently finds that the 
constituent grains and la])illi are not all of one kind. Having, in 
the first instance, assumed, from the general appearance of the 
section, that the rock was a tuff, 1 have been gradually led to the 
conviction that its brecciated character is due simply to crushing 

N 2 
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and to tile subsequent comenting of tbo crushed material m 9itu^ 
The finely comminuted porphyrite-substanee wbicb lies in the cement 
tends to prove this. 

With regard to the power of resistance to crushing which this 
rock possesses, Delesse states that, compared with that of the red 
Egyptian syenite, it is as 1*^ to 1. 

The ground-mass of the |H)rphyrite-fraginents, when mugnifiod 
2o0 linear, shows great numbers of minute granules and a smaller 
proportion of luicrolifhs. Host of the latter appear to lie with their 
longest axes j>aralU'h from which it may he interred that they 
are normal constituents ol the |M)rph\rile and not de\itritiealioii- 
prcMiuets. The devil rith'ation heems fi»r the' purl to be of a 

granular and nv)t of a inieroiithic character. 

Although thc» veins of cementing matter contain some fc‘lspar 
ninv»m: the other finel\ cru^lmd mat<’riaJ derive«i from t lie por[»h\ritc% 
1 am inclined lo n jrard it iiuiinl\ as <|uart7.. |Kle**se th\seiihc*s 
s*! eeitut of tliis ro« k in which V4 r\ di^iimily > i^iltle <|uart/.-\rins 
Oi*ur. one wlii\h he liiruics hi‘ing mi unly n<»t than an eighth 
oi an inch in hn\i^Iih at tin* hn-'idesi j at. fie ^^ales, however, that 
ffWirt/ h of r:irv om unnur in the r..itid'‘»roHso aitieo. Tho sanie 
author ob''er\e'‘, with r< irani \o the <‘onHtifii<‘nf niiiicruls of thr rock 
that the fc'Upars are trielinic and have* a eompnMtion which is 
hi‘tw’e<*n that of oligo(*l.i>e and amie-'ine, that hornhletide is pr(‘s(>jjt, 
and also specular iron and magnetite, the* rock itself po.s.sea.sing 
a feeble niairnetie power. 

From a luicroscojiic examination it a])]s»ars that the fi'lspars arc 
much altcTed, in many ca>es camtaining what ajipears to la* epidote. 
Ihi^cnhusch d(*scri])es a reddi''li alteration -prod net in tlic felspars of 
this rock, which lie also is inclined to regard as (‘]>i(Iotc. He likc*- 
wisc Tn(*ntioiis the occurrence of apatite^, of which some good 
crystals may be seen in the s(‘ction h<*re dc'scriluMl. d’he magnetite 
occurs in octahedra, and also in irregularly sliajjcd jiatehes. J have 
been unable to get satisfactory measun’inc'nts of the angles of 
extinction in the lels])ars, some crystals giving wry small ang](*s, 
while others extinguish at about from the plane's of coni])osition 
of the* twin lamellie, and these must in all jirobahility he* anorthitc*. 
The majority, how'ever, have low’^ cxtinetiou-augics and are most 
likely oligoclase or andesine, as suggested by JJelc'sse. 

The hornbleiide-cTystals are very iK»rfcctly devc'lojicd, and few 
rocks contain more ty])ic*al examples of this mineral, in one 
instance a hornblende crystal contains in its eentn* an irregular 
enclosure of ejuartz, and many of tliem (uivelope magiu'titc, either 
in octahedral ery stals or in irregular grains. 

The Porfido-rosso antico c ccurs at l)jehc*l Dokhan in a vein from 20 
to 20 metres broad, traversing ]>egmatile. ITirticulars roncerning its 
mode of oceurrciico are given in the ])a])(‘r by Prof. Dolc-sse alrc*ady 
cited. Some sections lent to me by Prof. Judd show here and there 

' Mikroskopiicho Pliysiograpliie d. Diasbigen Gesteino/ p. 200: fcJtuttgart, 
1877. 
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small siliceous veins in which minute “horses " of the rock occur; 
but the specimen from which they were cut is not of the brecciated 
variety. 


Discubbiok. 

The Prebidekt pointed out that some of the antique sculptures 
of porfido-rosso in Italy show on their polished surfaces clear indi- 
cations of a brecciated structure. He read the following passage 
from his journal during his stay in Florence, in December 1875 : 
— “In one of the first rooms at the Pitti is a superb vase of 
porfido-rosso, a sort of saucer in form, about 8 feet across. This 
certainly is a breccia, being full of pieces angular and subangular, 
of different grain and crystallization, darker or lighter than the red 
matrix, also porphyritic, just like what one would expect a highly 
altered ash to come to, and the crystals had rather the appe-irance 
of that.’^ At that time he was familiar with volcanic agglomerates, 
blit not with crushed rocks; but he now ‘thought Mr. Rutley’s 
exjdanation was probably the right one. 
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21. On HOLLOW Spherflites and their OccriiiiENCE in ancient 
Beitibh Lavas. By Grenville A. J. Cole, Esq., F.G.S. (Hoad 
March 11, 1885.) 

[Plate IV.] 

It is now (juite unnecessary to call attention to tlie fact that, many 
of the Silurian felstonos '' of North Woles were orij^inally lavas of 
a highly glassy type. The investigation of their characters by ^Ir. 
Rutley* and Prof. Bonney t, and their comj>arison with volcanic 
rocks of far later periods, has fairly removed them from the con- 
venient class of felstones, and given them a stnV ter position as 
altered rhj'olites, tracliytes, or obsidians. Perl i tic, spluTulitir, 
and banded structures have been recorded in tlnmi ; the present 
paper deals with a structure which has la^cn oft<‘n noti<*ed, and 
which is far more obvious to the eye. its original character being, 
however, veiled by much subsetpieiit alteration. 

Every one who has examim^l the grouj) of Hala lava-flows in the 
Pass of Llaiiberis, notably at the foot of ENgair-feleii, the great spur 
of the Glyder-fawr i, or on the slopes leading to Cwm-glas, must 
have observed whole masses of the compact grey rock crowded with 
white or brownish sjdiorohls. These are (‘specially conspicuous on 
weathered surfaces, or where a great joint-jdam* has made a section 
through some liundrt (Is, their diamclt'rs ranging from less than a 
tenth of an iivh to fully two and a half inclies. Some are evid(‘ntly 
radial aggregat(^s, wlietlicr concretion ary or am\ gdaloidal it would 
he hard at first to say : hut others, and by far the most striking, arc 
more hollow nodules, giving the rock a coarsely vesicular aspect. 
Clear quartz-crystals often line the inner surfaces, and it is note- 
worthy that the matrix has fre(|uently the schistose character so 
fully (iescrih(*d by Prof. Bouncy in the case of fclsit(‘s lu'ar Bettws- 
y-Coed §. This may admit of considerable jKTColation of water and 
the deposition of minerals in cavities already formed. That tlu'se 
cavities are not, liowever, produced by indiscriminate ^veatliering of 
the matri.\', but liave some connexion with the original condition of 
the lava-stream, is in places shown by the sharp demarcation 
between a nodular bed and that immediately succeeding it. 

The solid spheroids, as a rule, s(icni comjxised of cUmse felsitic 
matter ; if, however, they arc not th(‘ result of the proc(‘S8 of in- 
filling that is in progress in the hollow nodules, the j)aasago from 
one type to the other is .so gradual that a complete explanation of 
the structure should cover both extremes. 

Before entering into any details with regard to these ancient 
examples, it may be well to look for similar structures among com- 

* “On Perlitic and Sphorulitic Structures in the J/fivas of the Glyder 
Fawr/’ Quart. Journ. Geol. Hoc vol. >xxv. p. .008; “On Devitrified Kocks 
from Bodflgelert and Snowdon, ” Quart. Journ. Geol. Soc*. vol. xxxvii. p. 40.3. 

t “On some nodular FelfiteH in the Bala Group of North Wales,” Quart. 
Journ. Geol. goc. vol. xxxiiii. p. 289. 

I See Geological Survey of England and Wales, Horizontal Sections, Sheet .31. 

§ Quart. Journ. Geol. Soc. vol. xxxviii. p. 291. 
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paratively recent lavas. It appears that until 1860, certain un- 
usually large segregations in the glassy rhyolites of Hungary had 
been classed with ordinary spherulites. In that year, however, 
Von Richthofen, in his pai)er entitled “ Studien aus den ungarisch- 
siebenbiirgischon Trachytgebirgon considering that many of those 
bodies were hollow in the centre, and in some respects resembled the 
vesicles of scoriaceous lava, described them under the name of 
‘‘ Lithophysen.” He believed that inclusions or segregations of 
highly siliceous matter had been, during the consolidation of the 
lava, blown up into bladder-like forms by the steam that they con- 
tained. The tougliness of the surrounding glassy matrix prevented 
the immediate escape of the steam, and caused these vesicles to 
accumulate as hollow spheroids, their walls being formed from the 
original segregated matter. When cut across, their cavities are 
seen to bo divided into chambers by dome-like lamellae, one above 
the other, as if produced by successive expansions of the gas. In 
some cases the solid ])art of the “ Litho])hyse is in a loose and 
powdery condition. The glassy matrix shows pronounced perlitic 
structure, and is often reduced to a mere honeycomb by the abundant 
development of the cavities. 

Szabd, however, in 1806 f, represented the hollow nodules as 
nothing hut altered spherulites, the removal of the material from 
the interior, partly in solution, partly as fine powder, having left a 
series <•£ chambers which often follow the lines of the original con- 
centric structure. He states that every successive stage of alteration 
is to be fuuiid, and believes that a gradual concentration of silica 
occurs in the laj^ers that remain. These become finally strengthened 
by a deposit of quartz -crystals upon their surfaces. 

It miglit still have been argued that the material found partially 
or even completely occupying the centres of these Hungarian 
6])heroids was merely a product of infiltration ; but in addition to 
cliemical evidence given by Szabo, Karl von Hauer t published, a 
few months later, analyses both of the ground-mass surrounding the 
“ Liiho[)h 5 "sen ” and of their contents. His results may be thus 


compared : — 

Average of three Analyses 

Contents of the 

Silica 

of tlie Ground-mass. 

. . . . 76*7— 

Lithophysen. 

75-91 

Alumina 

.... 12-721 

14*98 

Ferric oxide . . 

.... 1*80 J 

Lime 

.... 1'46 

0-94 

Magnesia .... 

.... 0'26 

0-34 

Potash 

4-10 

3-07 

Soda 

2*88 

3-36 

Loss on ignition 

.... 0-74 

1-30 



99-90 


* Jnbrbuch der k.-k. gool. lleichsanstalt, 1800, p. 180. 

t “ Die Tra<.*.liyto und Hhyoliloder Uiiigt^buiig von Tokaj.” Jahrb. der k.-k. 
gool. Reichsanstalt, p. 80. 

J “ Die Gesteine rait Lithophysenbildungen von Telki-Banya,” Verhandh 
der k.-k. geol. Reichsanstalt, 1806, p. 98. 
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There is, then, no essential difference between the composition of 
the matrix and the solid portions of the nodules, and the latter are 
therefore far more likely to have been produced from the rock by 
devitrification during cooling than by any subs(*(]uent alteration. 

Two determinations bearing out this view are given of tho 
specific gravity of the groundmavss, viz. 2*410 and 2*4()tl, that of the 
material of the Lithoidiyse ” being 2*420. The figures expressing 
‘'loss on ignition” in the anjilyses may, slight as the difi'erence is, 
suggest that decomposition has already begun in the devitrified 
portions of the rock. 

J. Koth*, commenting on Ton TTancr’s analyses, fully agrees 
with 8zabd in regarding tlie hollow structure as the result of tlie 
decomposition of sj^herulites, and this opinion a])pearsto be generally 
adopted. Zirkel t has thus referred to ‘** Lilliophyses ” fnnn tho 
Yellowstone area as “ sphuTolites nearly as tliiek as a walnut, that 
develop, by decomposition, the coueentne ]ay<'r-structure,'’ all stages 
occurring ‘'between splnerolifcs in the nahiral state and cavities in 
which there are five or six sh(41s with tlieir isolated borders.” Mr. 
William Soramons has kindly allowed me tlie use of 8])C(*imens 
showing similar features, which he eolleeted from the obsidian 
cliffs of Heaver Lake. 

E. Wedss dealing with a group of rock« from tlic Thiiringian 
Forest, insists on the fact that here also th(‘ hollow sjdieroids met 
with are nothing hut larger sjdierulites, and ]>oints out that the 
solid parts of both show radial structure in thin sections; hut ho 
returns towards the older theory of A’oii liichthofen in suggesting 
tliat material sej)arating from a gla>s may be built uj) around a 
vesicle. 

We are left, then, with two possible ex])lanations of the hollow 
nodules found in lavas. Their outer and solid portion may safely be 
ascribed to spherulitie segregation from the matrix ; hut the inruT 
cavity may l>e either the result of weatheriiig u])on a complete 
Bpherulite, or a steam-vcMcle that has act(‘d, lik(‘ an included crystal 
or foreign body, as a ciujtro of devitrification during cooling. 

It does not appear tliat any real evidence has been brought forward 
in support of the latter view; but as a vesicular origin has been 
assigned to some of the Welsh nodular fehsit^'s^, and perhaps, by 
implication, to those of the Llanberis Pass, it may he well to iiujuire 
whether the decomposition of spherulites is not in reality sufficient 
t) explain the characters of these rocks. 

The determination of the conditions under wliicli exea^ptionally 
large spherulites arise must he left to those who are studying the 
devitrification of artificial glasa. 8uch forms arc so freijuently 
associated with small ones that the variation in size of tho Silurian 
nodules is no evidence against their being all of common and 

* Beitrage zur Petrographic der plutonischen Gesteine, p. 108. Also 
Allgemeine und chertiische Geologie, 188H, vol. ii. p. t). 

t U.S. Exj)J oration of tho 4()tli ParaDeJ, Mirrof»oopical Pi^trography, p. 212. 

J ZeitBchrift der deuteehen ge(d. Geseil. 1877, vol. xxtx. p. 421. 

$ Quart. Journ. Geol. Soc. vol. xxxviii. p. 226. 
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spherulitic origia. There may be made out, however, among later 
lavas two classes of large spherules, which are merely extensions of 
structures familiar enough upon an ordinary scale. 

We know, for instance, how in many obsidians the spherulites 
prove on microscopic examination to be mere cloudy aggregations, 
with perhaps the faintest trace of radial structure. Thus in a 
beautiful example from Iceland, numerous brown irregular patches 
aro seen separating out along the lines of banding; since crystal- 
lization has not gone so far as to condouse into microliths the 
globulitcs of which they are formed, these little nodules show the 
banding and even tlie fiuidal structure of the matrix passing unin- 
terrujitedly through them. Their relation, indeed, to these pro- 
bably earlier structures is that of concretions in sedimentary rocks 
to the beds in which they lie (PI. IV. tig. 1). 

In proportion as slower cooling allows of the radial grouping of 
the constituents, so the drawing together of the material towards a 
centre tends to sharpen the limit between the spherulite and the 
glass, until a crack is often the result. Usually, however, the outer 
border of even these well-marked forms contains a large amount of 
glass, and frequently concentric coats of similar cumulitic and glassy 
matter intervene between the radial zones. 

Taking now sections of the obsidian with Lithophysen ” from 
Beavor Lake, we find in places no distinct boundary between the 
grey nodular* aggregations and the banded structure of the glass 
(PI. IV. fig. 2). The lines of minute spherulites run into the larger 
felsitic masses ; and the latter, though probably somewhat altered 
since the consolidation of the lava, contain throughout the same rod- 
like form of crystallites as is abundant in the surrounding matrix. 
The felsitic substance is distinctly ciy’ptocrystalline, its ill-defined 
particles polarizing in colour; and a very rough attempt at concentric 
arrangement occurs in portions of the nodules, the lines being brought 
out in hand-specimens by unequal weathering. Such irregularly 
bounded nodules may be broadly regarded as segregations of rhyolite 
in rhyolite-glass. They are localizations of such stony material as, 
in longer process of cooling, might have finally spread throughout 
the mass. 

The equally irregular central hollows bear no resemblance to 
steam-vesicles, while signs of alteration are very evident in the 
felsitic matter round them. Flakes of hocraatite, red by transmitted 
light and giving an iron-reaction before the blowjhpe, are developed 
in the powdery mass ; and the beautiful rod-like crystallites, clear 
and colourless in the matrix, have, in these decomposing nodules, 
been cither converted into or replaced by a red-brown ferruginous 
product. While tho specific gravity of the glass is 2*41, that of the 
nodule, obtained by means of tho bottle, is only 2*31, a result 
pointing towards hvdr<ition of the constituents rather than towards 
such a concentration of silica as 8zab6 refers to in the case of tho 
Hungarian “ Lithophysen " *. 

If, then, the nodular obsidian of Beavor Lake appears to reproduce 
♦ Jahrb. der k.-k. gcol. Bcichs. 1866, p. 86. 
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on a larp:e scale the imperfect type of spherulitic structure, tlie famous 
Hungarian examples bear the same relation to the concentric and 
well-marked radial types. The Lithophysen ” in a rhyolite brought 
by Prof. Judd from Lipari have affinities with both groups; and 
reflection will show that towards the centre of such a felsitic segre- 
gation as has been described the material may often tend to become 
more and more fully crystalline. Thus in smaller cases —an obsidian 
from Vulcano, for example — the colourless radial groups of crystal- 
lites form independent well-bounded sjflierulitt's in the midst of 
brown clouds of globulitic dust. 

A superb exanudc of hollow spherulitic structure occurs in an 
obsidian brought from Iceland by ]ikLr. J. Starkie Gardner. The 
brown spherules, sometimes single, sonudimes intergrown, show 
radial structure to the naked eye, and, as might perhaps be ex])ected, 
a sharp crack divides their outer surface.'^ from the glass. Even in 
the cases one may in(‘et with in breaking the specimen across, the 
inner cavities are often very large in })roj)orti()ii to llie fibrous shell ; 
but here, again, we see nothing of the smooth curving surface of a 
steam-vesicle. The microscope shows the solid ])ortion of the sphe- 
rules to consist of delicate radially grouped fibres, with some trace of a 
concentric structure near the outer margin. The inner extremitit's of 
these fibres are, as it were, frayed out, with signs of the formation 
of secondary minerals between fliem (PL IV, fig. li). Everything, 
indeed, again points to the conclusion that the hollow structure is 
only a result of decomposition. 

STow lava-streams arc especially subject to the attacks of acid 
vapours, of steam, and of water of high temperature, during the later 
stages of eruption and the numerous cr.icks of the glassy 
varieties will afford access to all portion", of their mass. ^J'he parts 
most likely to be affected are any fels[)athie crystal that may be 
included, the crystallites of magnetite that may have 8(‘parated out, 
and the spberulites that are most differentiated from the glass. 

I>ong ago Scrope f pointed out that such globular concretions ” 
are first acted upon by decomposition, and give rise to some of the 
forms of “ variolitc,^’ though he does not definitely refer the hollow 
spberulites that he noticed in the perlites of the Ponza Isles J to 
any process of alteration. The more developed their radial structure, 
the more planes of weakness will the spberulites contain ; and at 
the very centre, 'where the individual fibres terminate, the decom- 
posing agents will probably find good bold. At tlie same time the 
outermost layer of the spherule, between which and the gloss there 
is often small cohesion, will become reddened with iron alteration- 
products and perhaps appreciably dissolved. 'Where radial and 
partly vitreous layers alterr.ate, the former perish while the latter 
remain. This may be illustrated by banded obsidians from Lipari, 
in which all stages of the process can he made out easily with a 

* Compare Judd, Volcano of Schemnitz,” Quart. Journ. Geol. Soc. vol. 
xxxii. p. 322. 

t Considerations on Volcanoes, 1825, p. 118. 

I Trans. Geol. Soc. senes ii. vol. ii. pp. 202 and 218. 
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lens ; and there can be little doubt that the original “ Litbopbysen ” 
are records of exactly the same action. It is interesting to find 
very similar appearances in our ancient rhyolites of the Wrekin, 
the roughly concentric cavities formed by the weathering of large 
spherules becoming lined with crystallized quartz (PI. IV. fig. 4). 
The red earthy fibrous centres of the ordinary Wrekin spherulites 
contrasting with their clearer borders, are x>robably similar evidence 
of the more ready decomposition of the radial and perhaps more 
basic portions. 

The one difficulty of this view of the formation of hollow 
spherulites is the g(‘tting rid of the kaolin that will, in all proba- 
bility, be formed. Put. even if the alumina is not removed in soluble 
combinations, the extreme minuteness of kaolin-particles will 
enable them to enter and pass along the cracks of a vitreous lava 
with comparative ease. Perlitic fissures, to which the more 
obvious joints of a hand-sjiecimen are veritable gullies, may at last 
become choked, but are none the less active as transporting channels. 
8ome of them, in an interesting specimen brought by Mr. Car- 
ruthers from the Yellowstone area, measure from *02 to *06 millim. 
across ; and the sharpness of their edges removes the suspicion that 
they may have been much widened by decomposition. Now large 
j)articles of kaolin, such as one may rub off altered felsx>ar with the 
finger may measure *01 millim. and more ; but the material 
washed down naturally from a granite area is seen to consist of 
specks far smaller, *004, •002, *00 15 millim. or less in diameter. The 
way in which kaoHn-dust penetrates all the cracks of a decomposing 
granite, and even the planes of se])aration between difierent minerals, 
is fair evidence* of its capacity for wandering from its x)arent source ; 
and the fre(|uent occurrence of “ Lithojihysen ” in rucks showing 
perlitic structure may be due to the greater number of channels 
there provided through w^hich the alteration-products may run 
their course t. 

To return at last to the Bilurian felsites of the Llanheris Pass, we 
find in microscopic sections ample proof ot their spherulitic character 
and of the community of origin of both solid and hollow nodules 
(PI. IV. fig. 5). The relies of radial structure are faint but indubi- 
table, and the junction of the si>herules and the glass is usually well 
defined. Quartz may be seen develo])ing among the crypto- crystalline 
fibres, and brilliantly surrounding the central hollow when it occurs. 
Put in jdace of tliis cavity in several cases are the remains of original 
smaller spherulites, apjmrently of more complete development than 
the surrounding felsitic nodule, and therefore more liable to decay. 

* S. Allport, “ On certain ancient devitrified Pitchstonea and Perlites from 
Shropshire, ’ Quart. Journ Geol. Soc. vol, xxxiii. p. 454. 

t 1 cannot refrain from here referring to a case bearing, perhaps distantly, 
on hollow spherulites. In much*altered granite (luxulliiinite) boulders on the 
slopes above the inlet of Nanjisal, near the Land’s End, many of the felspar- 
crystals are found to be notliing but hollow shells lined with well-developed 
quartz. In places this infiltered silica has entirely replaced the orthoclase 
and formed solid pseudoitaorphs that are completely deceptive at a distance. 
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Sometimes singly, sometimes in groups, those centres of the larger 
nodules point to the origin of much of the hollow structure ; while 
in Other cases, just as in the Yellowstone obsidian, the decom- 
position may have ramified through fairly uniform segregations. 

The matrix, now much altered, is magnificently porlitic, and the 
removal of any kaolin would thus prove easy ; but the rock is also 
rudely cleaved, the sphorules themselves have occasionally been 
faulted, and am]»lo time has been allowed since the dying-out of 
Snowdonian fumaroles and hot s]>rings for the work which, doubt- 
less, began to bo silently carried on to our own day. lf‘, as I hope, 
one of the more perplexing structures of our ancient lavas may bo 
adduced as additional evidence of tlioir similarity to those of modern 
days, the object of these notes will have been amply servtMl. It is 
probable, however, that nojietrograjdiiciil characters, nothing, indeed, 
short of stratigraphical evidence and ooinpiirison from point to i)oint, 
can absolut(dy detine the relations of Jin igneous mass. I’lio 
orbicular segregations of a deoi>-seated rock, classed as sj)hernlite8 
by Vogelsang, but d('firi(‘d as “ b(‘Ionosj)herites ’’ rather tliaii 

felsosjdicJ'ites ” might in time give rise* to hollow nodular 
structure. On the other hand, the coni])lete demolition of the 
spherulite, an operation g(»ing on in the leehindic specimen of Mr. 
Starldc Gardner, may in future ages reduce such a nx'k, whetlier it 
occur as an iniorbedded or intrusive mass, to the level of a 
scoriaceous obsidian or an amygdaloid. 

In conclusion, my best thanks are duo to Prof. Judd for kind help 
and many illustrative 8])eciinens, and also, as before mentioned, to 
Mr. William Sernmons. Most of the roek-scclions ndern^d to have 
been prepared in the Geological Laboratory of the Normal School of 
Scieiico and Jloyal School of Mines. 


EXPLANATION OF PLATE IV. 

Fig. 1. Section of obsidian from Iceland, witli ill-defined sphcnilitoR developing 
along the lines of banding. X 12. 

2. Section of obsidian from Heaver linke, Yellowstone Park, for compa- 
rison with tlie above, showing part of the outer margin of a largo 
hollow spherulite, with tho banded structure of tins glass passing 
into it without interruption. Some of the bands are composed of 
minute spheral ites. X 7. 

ti. Section of part of the inner margin of a large hollow spherulite in 
obsidian from Iceland, showing a tendency to tho formation of 
secondary minerals bctwcoii the fibres of whicii it is composed, x 75. 

4. Broken surface of altored rhyolite from the Wrekin area, showing largo 
spherulite with structure characteristic of “ Lithopliysen,” the ca\ities 
being lined with crystallized quartz. X IL 

f). Section of large hollow splierulito in altered pofli to from Esgair-folen, 
Pass of Llanheris. Tho left-hand jiortion contains an inner nucleus 
with well-marked radial structure; the riglit-hand portion contains an 
irregular cavity partly filled with quartz, x 


* Die Krystalliten, p. 134. 
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Discussion, 

Mr. Rutlet bore testimony to the careful observations of the 
author of the paper. The only cases in which he felt any doubt 
were those in which the irregular form of the nodules did not seem 
to be altogether reconcilable with their spherulitic origin. 

The Pkkhidknt was not able entirely to agree with the author ; 
for while his exidanation might account for some of the structures, 
yet many se(*med to be due to an original vesicular character of 
the lava. He adduced cases which he thought could only be 
accounted for by the expansion of vapour-bubblcs in a glassy rock, 
disturbance of e(juili])riuui being capable of inducing ciy stallization. 

The Arnioii slated that he did not intend to apply his explana- 
tion generally, hut only to the cases he had examined. Some of the 
irregularities in the form of the spherulites are duo to crushing and 
faulting of the rock in which they are enclosed. 
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22. On some new or imperfectly known Madreporaria from the 
GRRiT Oolite of the Counties of Oxford, Gloucester, and 
Somerset. By Robert F. Tomes, Esq.,F.G.S. (Read January 
28, 1885.) 

[Plate V.] 

The present paper is the result of continued search for Corals in the 
Great Oolite, and must be taken as supplementarv tollu* one 1 have 
already published in the Journal of tlie Geol optical Societ}’*. As 
the information it contains is wholly supjdemtoitary. I do not 
deem it necessary that a systematic class iti cat ion of tlie species 
should be very closely observeil. 

A section will be given of the Great Oolite at Milton, Oxfordsliire, 
where a corallif’erous bed is ex])os<‘d, and one also of tlie (juarry 
near Cirencester, from which the late Mr. Browni obtained most of 
the Oolitic (’orals wdiich w’cre given by him to the Oxford Museum. 
These sections, accompanied by an enumeration of tin* corals obt.ained 
from them, and some sections in tlu* neiglibourhixyd of Hath, wdth 
the species they have yielded, constitute the ])rineipal part of the 
paper. To this will be added notes and desc riptions of some of the 
species. 

The genus Batln/Cfrnia. and its alIi<‘R, 1 have already sliowm to be 
characteristic of the (’ornbrash : but three specimen^ ot* /{(tfftf/cooiu 
AShitteri have lately been found at Comb(‘ Dowm, Hath ; and its 
presence there, taken in connectiem with thi‘ prevabmee of the wxdl- 
knowij Hradford-clay Kncrinite in the (‘orrt‘s])onding corabheds of 
Farley Downi and llampton I)ow*n, W'onld seem to point to a liiglier 
geological level for the eoralliferous de])osils around Itath than I 
have hitherto attributed to any of the Oxfordshire coral-heds. At 
the same time it is desirable that I sliould mention the occurrence of 
BatlofCijPidd Slatteri in the (Jreat Oolite of the* raihva} -cutting near 
Rollright, where it Avas found by ^Ir. Jas. Windoes, of Clii])ping 
Norton, though its exact ])osition in tin* section has not betui 
ascertained. ^Moreover, as 1 sliall point out further on, tlicre are 
some stratigrajihical r(*asons for believing the coral-hed at Cajis 
Lodge, near Burford, when* also the same sp(*cies of Batfufarnia has 
been met wdth, and those near Bath, to he of nearly the* same age. 

Some genera of Madreporaria, hitherto unknown in the Oolites 
of this country, have beem recently met with, and w ill now’ he added 
to the list of genera. They are Barjfsmdlft, Ilflioco oia^ 

and two new genera which I hav(; designated Thavmoconia and 
Platnstrcpa , 

Since the publication of my several ])a])(*rs on the Madreporaria of 
the Jurassic formations of tliis country, Ihof. Duncan has brought out 
his ‘•Revision of the Families andGenera of S(*lcrodermicZoantliaria’’ t. 
It is a valuable comj)ilation, which ])y biingiug logetlier a great 
number of references to the works of other zocqdiytologists, ])asl jind 
present, renders the literature of tlie subject, comparatively sjjcaking 
simple and easy. How fully the classification therc'in set forth h\ 

* Vol. x\xix. p. 1()8. t Journ. Linn. Soc. vol. xviii. Nos. 104-105, 1884 
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Prof. Duncan will meet with acceptance at the hands of other 
workers in the same field, cannot at present be stated ; but it may 
be confidently asserted that in some particulars serious modification 
will be imperative. 

Section in Groveses Quarry, near the Village of Milton. 


ft. in. 

1. Surface-soil and shattered stone 3 0 

2. Shattered stone, wJjite, fine-grained, and scarcely oolitic in tex- 

ture, containing a few scattered fragments of corals and a 

Ni riufpa 3 0 

3. Marly clay of a hliiish C'.lour 2 8 

4. Coral-bed. A liglil -coloure d, fine-grained, hard limestone, not 

oolitic, and alnuKst ringing wlien struck with a hammer 2 7 

5. Marly elay with a blui'^h tinge 1 0 

(i. Stone in large blocks 1 0 

7. Ferruginous marly clay 2 4 

8. Stone ill blocks 2 0 

9. Marly clay wil b a bluish tinge 1 6 

10. Soft imperfect steme with argillaceous seams, containing C(/pri- 

car(fi(t , Nafiru, AlodioUf. Osfrea 1 10 

11. Marly shale witli Afodiola Am\ O.drea 3 1 

12. Soft iin))erfect stone 1 2 

13. INIarly^ sliale with Osfrea 2 3 

14. rinperfoet stone, harder than no. 13 1 9 

lo. Marly shale, much filled with comminuted shells of 0>frca 1 10 

in. Im])errecl stone 1 4 

17. Maily shale with O.strpo in extreme abundance 3 3 

18. Kubhly stone in about eight layers, without either shale or elay 

Ix'tween tliein 4 0 

19. IVfavly sliale, grey and ferruginous, .sometimes indurated, and 

having (hfrea in extreme abundance 3 3 

20. lJeiiM‘ oolitic limeslonc of a yellow colour, and haMiig oblique 

lamination. It contains comminuted fo.*^sil.s, chiefly shells, in 
extreme abundance 11 8 


54 (> 

The following ^Itidreporaria have been taken from bed number (> 
of the above section : — Cryptocernia, sp., MontJivalfia caryophyllata, 
M(})itlu<alfl((, a species liaving a naked costulated wall, Chorisastrcca 
obtnm, uidt'lasfnm 'indgnijica ?, Jsasiroa limitcffn, T. gihhosa, Tliam^ 
ndstnra Lyclli, ^tttdhdci(( complanata, Mieronolena excclm. 

From the nearness of the above section to the outcrop of the 
(Ireat Oolite, and consequently^ to the underlying Inferior Oolite, it 
is luoro titan ])rohahle that it corresponds more elossely with the 
section ex])osed in the rail way^-cut ting near Stonesfield than with 
the one at Caps I.iodgc near Burford, though the latter is only 
distant from it about a mile. But there is further and more direct 
evidence favouring the conclusion that the Caps Lodge and Milton 
sections, wuth their respective coral layers, do not correspond with 
each other in time. The Milton quarry is undoubtedly the one 
mentioned by Mr. Hull at page 58 of the !Momoir of the Geological 
Survey, illustrating sheet number 44 of the map, in these words : — 
“ On Milton field, in a large (|uarry, a section similar to that at 
Wiiidrush is exhibited. There wo find about 17 feet of inter- 
stratified marls, shales, and thin-l)eddcd limestones, highly fossili- 
ferous, resting on thick-bedded oolilo more than 12 feet thick, and 
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yielding large blocks, the one belonging to the upper zone, the 
other to the lower.” 

Bed number 20 of my section is the thick-bedded oolite mentioned 
by Mr. Hull, and constitutes the lower zone, and this, he further on 
says, is the equivalent of the Stoncsfield Slate. All abo\ c it (liaving, 
however, a much greater thickness than is stated by him) corre- 
sponds with the upper zone. The oyster which is so abundant in 
beds 17 and 10, and which occurs also in some of the other beds, 
is probably Ostrea Sowi'rh)/t, and its prevalence in these beds, as 
well as the nature of the stone and shale of which iliey arc com- 
posed, renders it quite probable that this ])art of the jMilton section 
corresponds witJi the oyster-bed in the Htonestidd cutting. If such 
is the case, and the compact oolite below is id(‘ntical with the 
Stoncsfield Slate, further evidence in proof of the identity of the 
Stonesfield and Milton coralliferous deposits is unnecessary. 

There is, however, C(>nsidera])le dissimilarity hetwean these two 
coral beds ; the one at Milton ])eing much more uniform in texture, 
as well as much harder than the one at Stonesfield. The former is, 
indeed, so compact a stone, that if is (>nly hy fortunate fractures 
that the enclosed corals can be cxaminc'd : and what adds more to 
the difficulty of securing satisfactory specimens is their higlily 
crystalline condition. This coralliferous lauT do(‘S not, indeed, 
present the usual ehar.icteristie.^of a coral bank, but lafher rtst'uihles 
some near deposit into which they have been removed from the 
place of their grown h. 

^ly previous asseition that some of the corals figured b\ Professor 
Duncan, from the collection of the late ^Ir. Browni of C'ireneeshT, 
came from Fairford, has met with partial eorro])(>ration. Tw'o 
of the Species, Chori. astrua ohtosa and Cn/jdijcauitt tufjcrosa^ do not 
occur in the quarry from which Mr. Brown's eolhetion wnis made, 
and are not to bo seen in the collection given hy liiiu to th(‘ Musimm 
at Oxford. The s])e( ie^ w'ere, T do not now entertain tlie bust doubt, 
originally in Miss flatter's collection, and had been obtained from 
Fairford. 

A visit recently paid to Cireneester gave me the opportunity of 
inspecting the lime-kiin (piurry, three miles along the Stroud road, 
and of preparing the following section wdiich a])pears in it. It w'as 
from this quarry that Mr. Brown obtained his specimens. 

ft. in. 


1. Surface-soil 1 U 

2. Soil and shattered stone 1 0 

3. A soft friable bed of an earthy nature, of a decj) \elln\v colour, 

and containing rubbly ncalular stone. A sp(‘Cies of JC/mio- 
hrissus occurs in it 1 C 

4. Hard, fine-grained, whitish stone, non-oohlic, with a somewhat 

conchoidal fracture, and penetrated by tortuous, l)ul more or less 
vertical and anastomosing perfomtions, w'liich are tilled with 

the soft earthy part of the bed above. No fosMis oliserved 2 11 

,5. Fine-grained oolite of a light yellowish colour, in some parts 

nearly white. Fossils rare 3 0 

6. Coral-bed. Be8einblc.s t lie lust, but is a little coarser. C’onfuiiis 

a Ncrinaa and other univalves, and about lo or J(» species of 
corals 2 0 

7. Compact yellow oolite with very few fossils 2 0 
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Bed 4 is very peculiar. It is honeycombed through and through 
with largo perforations, and where the soft in-filling of the hollow 
places has weathered out, is much used for rustic rockwork. 

Beds 5 and 6 are very mucli alike, and the latter might almost be 
regarded as the bottom part of number 5, but they have been 
separated in the section to define more exactly the position of the 
corals. 

I have determined the corals from bed 0 as follows : — Stylo-- 
smilicf rqdans^ n. sp., Stylhia sohfla^ S. coniferay Cryjdocoeniay sp., 
Convexastrera Waltotiiy Isastrrra limitatUy I, gihhosa, /. Beesleyiy /. 
tuherosctj Latimcpnndra lotharinffciy Latimimadrny sp., Cladopliyllia 
Baheanay Thamoa^trcBa Lyelliy Thamncistrcea, sp., Anahacia com- 
jplanata, and Microsolena exccha. 

The examples of Imstrcm yihhosa are singularly fine, and one of 
them, forming part of Mr. Brown’s collection, now in the Oxford 
IMuseum, is very remarkable. It has long radiating finger-like 
processes si>ringing from the original gibbous mass. 

The most abundant coral in the Lime-kiln quarry is Convex- 
astrcpd Waltom, One specimen obtained by Mr. Brown is more 
than a foot in height, and consists of a mass of parallel corallites, 
apparently all springing from one base ; so far as 1 could see, none 
of them were ramified. 

A small and delicately formed Stylosmillay which has also been 
met with at Farley Down near Bath, occurs with the Convexa^trcea : 
and the association of the two species, here and at Farley Down, 
would seem to indicate that the coral-beds of these two localities 
may be identical. 

The want of a more extensive collection of Great Oolite coraL 
from the neighbourhood of Bath, from which district so many of 
the t 5 q>es of IMM. Milne-Edwards and ILxime were derived, as well 
as of a more intimate personal knowledge of the strata from 
which they WTro taken, has long been an obstacle to me, not only 
in working out the stratigrax^hical distribution, but also in the 
determination of the species of Great Oolite corals. This want has 
now been in a great measure relieved by recent examinations of the 
exposures on Farley Down, Combe Down, and Hampton Down. 
Tliese arc the i)articular localities, it may be remembered, which 
furnished manj’ of the specimens from which MM. Milne-Edwards 
and Ilaime drew up their descri])tions of Great Oolite corals. The 
results of researches, made in company with my friend and frequent 
companion in the field, Mr. T. J. flatter, and with the Ilev. H. H. 
Winwood, 1 will now proceed to give. 

In a rather extensive and long-since abandoned quarry on th(' 
south side of Combe Down is the following section : — 


Q,J.G.S. No. 162. 
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1. Sar&ce^Boil and shattered stone 

2. Compact yellow stone 

3* Hard ) elJow stone divided into 3 or 4 layers, and containing a 

few corals ; ; 

4. Yellowish oolitic stone, much bored vertically by Annelides ?, but 

containing n corals , 

5* Coral bed. This very closely resembles bed 4, and like it is l)ored 

vertically ’! 

6. Bath Oolite, light in colour and oolitic in texture, containing 
very few fo.ssilh and forming the bottom of the quarry. Depth 
not ascertained. 

The following are the s])ecics which have been foiiiicl in the above 
coral-bed by IMr. T. J. Slattcr and myself: — Emilloluha social Is, 
11 . sp., Batlufarnia Slatteri^ Thamvoarnia oolitica^ Scifphoiuvnia?^ 
JBarifSiaih'a Etalloai, Sftfhismilia t.rccha, Sff/hna Ploit, ma 

Pratti, Convi^vastraa \Valtoni, Montlivaltia cctcifoplnflJata, a Mont- 
livaltia with a naked costulated wall, CalamophtflUa radiata^ 
isastrera limitatay /. sedalis, /. microjditflla, L(tfi)n»Ktndra, sp., 
Chonsiisfr((a ohiasa, Phitastraa Conyhcaci^ Oroacris Elaftiri, Dlnwr- 
phasfr^ya fvnaiformis^ ii. sp., ^inahada complanata, Mlcroaohna 
ixcelsa. 

The bed in which the corals occur has not at all the ai)pearance of 
a coral-bed, properly vspoaking, but is like a dtqjosit into wdiicli the 
corals have been drifted from some near coral-bank and scattered 
about, not in any })lace thickly, tliough they are not anywhere 
absent. Tt is a di.stinctly oolitic layeT, and tlu' round grains of 
which it is composed, as is not unusual in the (Jn'at Oolite, have 
eaten into tlic imbedded organisms, and destroy (‘d their ext(*nial 
details. Such is the condition of many of the corals from the Oreat 
Oolite of (’ombe Down, though occasional specimenis may be imd 
with which are in a fair state of jU'C.seiTation. 

Of the ex])osures on the Hampton Downs, I am unable to give 
detailed sections ; but at the south end of that jdateau are .some 
ancient and abandoned excavations, which are usually dcnoiniiiat(‘d 
the Hampton Rocks, in the upper part of w hich is a ])ed w Iiicli, from 
the abundance of sponges it contains, w'as call(*d by tlie late Mr. 
Moore the S}K)nge-b(*d. Immediately overlying it is tlie surfa(‘(‘- 
soil, mixed with a considerable quantity of shattered stone. Tliis 
is a broken-up eoral-bed containing many corals. Tlie\ ar(‘ mostly 
in a bad state of preservation ; and as very few' could lx* determined 
satisfactorily, a list of th(^ species has not been ])ri‘})ari‘d. 

There is also on the same ridge, iiortlnvard of tin* Hampton Rocks, 
a large and disused quarry l}ing immediately beliind the ritl(‘-butts, 
and now known as the Butts-(|uaiTy. Jii the upp(‘r part of it is a 
well-marked coralliferous layer. It is three or four ie(‘t above the 
beds of dense and massive building-stone for which Bath has been 
so long and justly celebrated. From it have boon procured the 
following corals : — 

Stylhia Ploti^ Cryptoccenia tmcropltylla^ Convvxiutran Walioni^ 
Mfmilivaltia, sp., isastrera e.iplanalaia, a massive variety, Choris- 
astrn>a ohtasa, Thanuaistrmi scita^ Thmnnastrcpa^ sp., Oroseris 
Slatteri, Dhnorpharcjpa^ a small species, Comoseris vermicularis^ 
Anahacia complanata^ Microsolena exedsa. 


ft. in. 

4 0 

3 0 

5 0 

1 0 

(I 0 
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Across the valley, eastward of the Hampton Downs, near to the 
village of Bathford, and directly under the building called Brown’s 
Tower, is a quarried escarpment which constitutes the western 
boundary of Farley Down. From this spot, as I learn from the 
Rov. H. H. Winwood, the late Mr. Walton obtained his Farley- 
Down fossils. 

The coral-bed is here more fully developed than in the Hampton- 
Down quarry, or than at the Hampton Rocks. Varying in thickness 
from two feet to ten feet, it possesses all the peculiarities observable 
in such Inferior-Oolite coral-deposits as Crickley and the Horsepools, 
near Cheltenham, being a fine-grained and light-coloured mudstone, 
which in some places is somewhat brocciated. It corresponds pre- 
cisely in position with the coral-beds on the south-west side of the 
valley, appe^aring immediately above the massive building-stone. 
In several places above the e&car 2 )mcnt, where the surface of the 
turf has been broken through, thin 2 >atches of Forest Marble are 
exj^osod ; and it would therefore seem that as the coral-bed occurs 
only a little way below tliat bed, and as it contains many fragments 
of the well-known Bradford -clay Encrinite, it holds a higher 
geological position in th(» Great Oolite than has been assigned to the 
Oxfordshire coral-beds, if we cxce];)t the one at Ca];)S Lodge near 
Burford. From the Farley-Down exposure I have obtained the 
following corals : — 

Sfjfhsmilln repUtn^, n. sp., Stplinu Ploti, Crytocopnia micropliyllci, 
Convi,c((^tnia Walioni, Uelioca nia oollfica, n. sj)., MontUvaltia caryo- 
pltylhita, TsuHtma lunUata^ /. e^vplnmiiata, /. microj)hyJlaf I, sp., 
Latlnuuniil ra htharhiytt, CJwfisctsfrfea ohtma, 6ron/ororig sp., Tliam^ 
aa'ifnta T, Como^erls veriivcnlarhy Oroneris Slatteri, 

J)inwrj>7i((r(fa, sp., Anahacia co}ii 2 >lanata, 3J icrosolena evciJsa, 

All the ‘>})eci(‘s from this, as well as other jdaces in the Bath 
district mentiom'd in this pajier, have been obtained from their 
reoi)ective localities and beds by Mr. T. J. Blatter and myself. 

ENALLOTrnLi\ sociALis, 11 . s]). (Plate Y. hgs. 13, 14.) 

The corallum consists of a great many corallitos jiroeeeding from 
a common root, which is of small extent. Erom this they grow 
u])ward and outward in every direction, and form a verj thick and 
tangled mass from one to two inches in height, and throe or four in 
breadth. This has a very irregular but somewhat convex upper 
surface, formed by the union of the corallites, which are thus fused 
into a more or less compact mass. The corallites are thin and 
maintain nearly the same diameter throughout. They ramify iu an 
irregularly alternate maiiiior, but do so very much more thickly at 
their ujipor ends, where, coming into contact with others, many 
unite and form irregular masses, which have their iqiper surfaces 
more or less flattened. The mural costm, which in some species of 
this genus arc observable near the calices, and in connection with 
the septa, are in the 2>rcsont species nearly obsolete. 

Very few calices ap^icar on the lower part of the corallites, hut 
on the uiiper surface they are thickly but irregularly scattered. All 
the prominent ends of the corallites, and all the axial spaces have 

0 2 
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oalices, and others occupy flattened areas formed by the union of the 
oorallites. They are circular and have very little prominence, the 
walls of the corallites continuing quite to the calicular margins. 

The septa are not exsert ; there are three cycles, and the septa of 
the first, six in number, api)roach the fossula, which is rather deep ; 
those of the second cycle are three fourths of the length of the 
primary ones, and those of the third cycle are very short, almost 
rudimentary* 

Several specimens have boon taken from the coral-bed in the 
Combe-Down c[uarry, all of which come well within the foregoing 
description, though they vary somewhat in their relative height and 
breadth. 

From EnaJlolidia compresm and E. davaia, with both of which 
the present species agrees in the nnmht r of primary 8ei)ta, it never- 
theless diflers considerably : from the first, in its general habit of 
growth ; and from the second, which, however, it more nearly re- 
sembles, in not having exsert s(‘]>ta, in having the third cycle of sepia 
rudimentary, and in the absence of the enlarged inner margins of 
the primary ones. There is no other species of the genus with 
w’hich it is likely to be confounded. 

BATHTcaNiA Slvtteri, Tomcs, 

Some ill-preserved examjdes c>f this coral have been taken from 
the coral-hcd on Combe Do\^n by Mr. Slat ter and myself. A sitiglo 
wwn specimen has also been obtained from Iho (Iri'at Oolite at 
CajiS Lodge, Durford, and is now in Mr. Hudlestoii's collection of 
Great-Oolite corals from that and othei localities in Oxfordshire. 

Groat doubt is exjiressed by Prof. Duncan, in liis Ilevision of 
the Families and Genera of (\)rals.’* as to the distinctness of Batlijp 
ccenia from Sif/h.^ynUia, which genus, in habit of gro\\ th, it somewhat 
resenible<. A cand'ul comparison of W'ell-i)re8(Tved specimens of 
TeTimry Sti/losmihd ^ in my own cabinet, with Bathjfamla w^as made 
by me when drawing up the gen(‘ric definition of the latter, and the 
absence of a true columella was clearly mad(‘ out. The accuracy of 
my diagnosis has been fully confirmed by the discovery of a 
Baihya/ nia in which the septa do not meet in the centre of the 
visceral cavity, and in which therefore there is no columella*. 


Genus Tiiamxocckxia, n. g. 

The coralliim consists of an irn*gularly formed and attached mass 
of compact cocnencliyma, from wdiich corallites Hi)ring and present 
the a}»})earance of a .straggling ramified cluster. 

The coiallites have condderal^le jn’orninonce, the longest being 
fully luilf the height of tlie corallinn. Th(' iniorcalicular portion, 
as well as the free part of tlio corallites, is w holly without epitheca, 
and has long and equal cost®. 

The calices are deep and circular. The septa are entire and the 

* Since the above was written, I have detected tabulas in the oalioes of a 
•peoimen of BaEhymnia SlatterL 
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primary ones swollen at their inner margins, somewhat as in 
JScyphoccenia 8taminifera» 

increase takes place by gemmation, quite at the base of the coral- 
lites, probably from the basal coenenchyma, but not on any other 
part of the corallum. 

In its general form the only specimen I have seen bears consider- 
able resemblance to the small and not much developed examples of 
some species of Dendrophylliay but only superficially, its affinities 
being with the family Astreidae, while the absence of denticulations 
oil the margins of the septa indicates a place in the subfamily 
Eusmilinsc. 

Thamnoccknia oolitica, n. sp. (Plate V. figs. 5-8.) 

The corallum has an irregular basal part, which is broadly attached 
to a worn fragment of Flaiastrma Conyheari, on which it spreads, 
and which it partly covers. From this the corallites spring in a 
more or less upward and outward direction. Gemmation taking 
place at the base of the corallites gives to them somewhat the 
appearance of having been produced in pairs. They are prominent 
and cylindrical, but a little enlarged at their calicular ends. Both 
the corallites and the spaces between them have long, straight, and 
regular, but not prominent costa), which extend from the margins of 
the calicos downwards to the attached part of the corallum. 

The calices are circular and deep, and their margins are prominent 
and thin. The septa are straight and project but little into the 
calico. They are wholly without denticulations, but those of the 
first and second cycles have their ends much swollen, a good deal as 
in the genus t^cyphomnia. Those of the first cycle are six in 
number, and extend very nearly into the fossula, which is small, 
circular, and distinct. The second cycle has septa which are very 
nearly as long as those of the first, and the remaining cycle consists 
of septa which are about three fourths the length of those of the 
second cycle. These have very little prominence, and are without 
the terminal swellings. 

The full height of the corallum is about D lines. The diameter 
of the corallites is 2 lines. One specimen only has been met with ; 
it was taken by me from the coralliferous layer on Combe Down, 
and was in near proximity to a specimen of Barysmiha Etalloni, 

Hcyphoccenia ? 

I have obtained a coral from Combe Down, whore it was associ- 
ated with Barysmilia Etalloni and Thamnocamia oolitica^ which 
possesses some of the characters of tScyphoccuniiiy but differs from it 
in one very important particular. It bears considerable resemblance 
to Scyphoccenia excelsa, in the form and arrangement of the coral- 
lites, but the latter do not remain attached to each other excepting 
quite low down. The septa appear to resemble those of Scyphocoenia 
excelsa, and there are a few strongly developed tabulae, as in that 
species. The specimen is, however, too much injured to permit of 
detailed description. 
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The following table will show the relationship which exists 
between some of the Oolitic Eusmilincp which I have had occasion 
to speak of in my several papers on Oolitic Madreporaria. 
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Genus Babysmilia. 

I have long known Barysmilia as a Cretaceous genus in this 
country ; but until quite recently was unaware of its presence in the 
Oolitic formation either in England or elsewhere. Two examples 
wore, however, taken by me during the present year (1884) from 
the coralliferous layer in the quarry on Combe Down, of which I 
have given a section. So long ago as 18*59 M. Etallon made known 
the existence of three species of corals in the Corallian beds of the 
Haut-Jura, attributable to the genus BaryphylUa of M. de Eromen- 
tel That genus differs chiefly from Barysmilia in having denticu- 
lated septa. At present 1 am unable to observe the least evidence 
of denticulations on the septa of the specimens from Combe Down, 
and am compelled, therefore, to refer them to the genus Barysmilia, 
If, however, the specimens here mentioned have lost the denticula- 
tious of their septa, which is very probable, the already acknow- 
ledged Jurassic genus Baryphyllia will have to be substituted for 
Barysmilia, 

Barysmilia Etalloni, n. sp. (Plate V. figs. 1-4.) 

The corallum has an irregular subglobose form, a little higher than 
wide, the lower part being peduncular and attached by a small base. 

The whole of the peduncular part, as well as the space around and 
between the caliees, is ornamented with costae, which are regular, long, 
and anastomosing, and, near to the calicos, more or less papillated. 
On the lower part of the corallum they are less distinct and nearly 
smooth. In the bottom of the hollows, between the calices, there 
is sometimes a distinct line of demarcation between the costae sur- 
rounding the several calicos, which has something of a herring-bone 
arrangement. 

The calices are rather distant, the intervals between them being 
in all cases greater than their own diameter ; but they approximate 
most nearly to each otlier on the top of the corallum. They are 
extremely variable in length, and occur as a simple oval, shaped 
like a figure 8, like the letter S, or like a more or less irregular 
cross. Th(* longest calico I have seen has a very serpentine form, 
which, if straightened out, would have sufficient length to pass over 
the whole of the corallum, from the base on the one side, in a line 
over the top, to the base on the other side. The margins of the calices 
are prominent ; they are rather deep, and the septa are thin, irre- 
gularly developed, and continuous with the intercalicular costao. 

In a simple ovoid calice I can determine about fifty septa, about 
twelve of which, constituting the first and second cycles, pass into 
the fosBula, where they unite and form a very irregular but dense 
columella, which in the long calices appears as a rugged bur pro- 
minent line of very variable thickness, which is continued the whole 
length of the calice. 

Stylosmilia rbptans, n. sp. (Plate V. figs. 18-21.) 

The corallum consists of short tufted masses, rarely exceeding an 
Etud. Pal^ont. Terr. Juras. Haut-Jura, p. 93. 
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inch in height, which are usually attached to some hard body, and 
over which they spread, in a manner which is the result either of basal 
gemmation, or ot‘ increase by means of stolons. Of several speci- 
mens now before me, one from Earley Down is attached to a weathered 
fragment of TJiamnastrmi, which it partly conceals ; and another, 
from the Lime-kiln quarry near Cirencester, is parasitic on Oonveai- 
astreea Waltoni, over which it spreads. 

The coraUites are small at their attachment, rather crooked, 
ijicrcase in size gradually, and attain to three fourths of their full 
height before freely branching out. This they do irregularly, though 
lateral gemmation apparently takes place about the same time in 
the several corallites. Once commenced, it proceeds with sufficient 
rapidity to form a crowded mass of corallites, the calicular extremi- 
ties of which, however, have every degree of prominence, scarcely 
any two being of exactly the same height. 

The walls of the corallites are tliick, but do not extend to the 
margin of the calicos, and there is no appearance of epitheca, but 
weU-marked costae which blend with the 8(‘pta ]){iss down the coral- 
lites, and become less distinct as they extend downwards. 

The calicos are circular and prominent, but tlu‘ri‘ i.s a well-marked 
t'ossula. The septa are exsert and are continuous outwardly wnth 
the mural costio. The first two c} cles are well develojied and pass 
into the columella ; the third ey<‘le has very short septa, which are 
scarcely a fourth of the length of those of the earlier cycles. The 
columella is large, stylifoim, and with a pointed apex, but is not 
very prominent. 

Height of the corallum about 9 lines ; diameter of the corallites 
about one lino. 

A specimen from Earley Down indicates, by the manner in which 
the corallites spread over the substance to w hich they are at tached, 
the possibility, almost the probability, of increase b} means of stolons. 
Some other examples, taken from the Lime-kiln quarry, Cirencester, 
present precisely the same peculiarities. 

Stylosmilia excelsa, n. sp. (Plate Y. figs. 9~12.) 

The corallum consists of a dense mash of slender corallites, and very 
closely resembles those of CalamophiflUa radlata^ 80 closely, indeed, 
tnat the two species have hcen confounded. On nearer examination 
the corallites are seen to be a little less straight than in that sjxjcies, 
and rather more densely jdaced. There is no trace of the long 
mural costae which characterize Calamojdiyllia, the corallites appear- 
ing to be quite smooth. The walls arc thick, and the calicos appear 
to have been shallow, but none of them retain their margins. There 
are about 12 septa, which a 'e thin and not very regularly developed. 
In some caliccs those of the third cycle join the older ones near to 
the columella, but more frequently all of them run into the columella; 
the latter is large and styliform. In some of the calices two oj)po8ito 
septa are much thicker than the others, which is suggestive of fissi- 
parity. 

The only specimen I have seen is of considerable size, and was 
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taken from the coralliferous layer in the Comhe-Bown quarry by my 
friend Mr. T. J. Slatter. 


Genus Hblioocenia. 

Helioccenia^ Etallon, Etud. Paldont. Terr, Jurass. Haut-Jura, 
p. 74 (1859). 

Flacocoeni<i^ d’Orb. ? 

M. d’Orbigny formed the genus Placoccpnia from a cast of a coral 
somewhat like Stylina, but differing from it in haviiig a lamellar 
columella. His description is very brief, and the genus is not suffi- 
ciently particularized for adoption, though there is some probability 
that the subsequently created genus JJelioeoenia is identic^ with it. 

The want of figures to illustrate Etallon’s descriptions of Heliocos^ 
nicB has been 8upi)lied by M. Koby, in his fine work on the Jurassic 
corals of Switzerland*. Eive species are therein figured, one of 
which, Helioccenta cosUtlafa, Koby, has a small, styliform columella 
and appears to me to differ so much from the others as to be doubt- 
fully referable to the same genus. 

M. de Eromentel, while acknowledging the genus Placocoenia of 
M. d’Orbigny, does not admit JJelioccenia, but has created a very 
closely allied genus, Stylohelia, This latter has been merged into 
litlioccenia by M. Koby. 

Prof. Duncan, while reducing iTeZiorofunt to the rank of a subgenus, 
has placed it in bis “ Alliance STYLoii)A”t, immediately following 
Stylina, The genus Placocirnla^ which I have supposed to be identical 
with lleliocomia^ he introduces into another “ alliance,’* which he 
designates PlacovcenoidaP Further, he separates the genus Stylo- 
hefia entirely from the foregoing, and associates it, with Enallohelia 
and DendroheUa^ in the family OcTJLiNiDiE. 

In direct contrast to the views of Prof. Duncan, M. Koby unites 
Stylohdia and Hdiocif iiia in one genus, giving the latter name the 
preference on account of its priority. With specimens of Stylohelia 
mmmllata before me, which I have received from the Corallian of the 
Haute-8aone, 1 feel no hesitation in associating the gems Stylohelia 
with Sty Una and other allied genera, but fail to observe any alliance 
whatever with the Oculinid^. 

Hulioccenia oolitica, n. sp. (Plate Y. figs. 15-17.) 

The corallum has a somewhat peduncular form, with an irregu- 
larly flat but not overhanging top. The calices are very unequally 
distributed over the whole corallum, but are very thinly scattered on 
the peduncular portion. On the top they are thinly placed, excepting 
where gemmation has taken place most recentl}’, where they are 
rather crowded. They have not much prominence, and the iuteroa- 
licular costa), which are of nearly equal size, meet, but end abruptly 
in the middle of the intercalicular spaces. 

The septa are exsert, and they and the costas, with which they are 

* Mono^r. Polyp. Jurasa. de la Suisse, p. ()3 (1881). 

t “ BeTision of Families and Genera,** see pages 45, 110, and 197. 
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continuous, nearly conceal the wall, much as in unworn calices of 
Convexastrcea, Those of the first cycle extend towards the centre 
of the calice, and have a slight swelling at their inner end. The 
septa of the second cycle are half the length of those of the first, 
while those of the third are half the length of the second. 

The lamellar columella has very little prominence, and is so placed 
between two opposite septa of the first cycle as to fill up the space 
between them so closely that, when the calices are worn down, the 
whole becomes a continuous and straight line across the calice, 
dividing it in half. Both septa and septal costa) have their margins 
distinctly crenulated, the crenulations being small, pointed, and 
irregular. Their sides also are furnished with coarse irregular 
granulations, which are also observable in the spaces bet\^^ocn them. 

Height of the coralliim 1 inch 6 lines ; the diameter is about the 
same, and the calices are about 1 line in diameter. The spaces between 
the calices considerablj exceed the diameter of the latter, excepting 
in one or two crowded spots. 

Excepting the single example from Parley Down, I have not 
examined a species representing this genus. 

Genus Cox^kxasir^a, d’Orb. 

As Conve^vastrera Wahoni^ our only representative of the genus, 
was described from bpecimens collected by the late Mr. Walton at 
the Hampton Kocks near Bath, it is, perhaps, desirable that I should 
state that I have com])ared specimens from that locality with others 
from the coralline deposits in the Great Oolite of Oxfordshire, and 
find them to be in all respects similar. 

The differences between Com^wastrffa and Cryptocunhi have been 
recently defined with great clearness by M. Koby in his work on the 
‘Jurassic Corals of Switzerland,’ now in course of publication. Ho 
observes that the former differs from the latter in having the septal 
costae less numerous, rarely confluent, and not completely concealing 
the intercalicular spaces. 

Genus MoNTLivALriA, Lamx. 

I have often met, in the Great Oolite, with a supposed MontUvaltia 
which is characterized by a stunted form, a naked costulatt'd wall, 
and rather a small number of very thin septa. The fossula is elon- 
gated, much as in MontUvaltia carycyphyllata. The mural costae are 
rather far apart, and have a prominence according to the order of 
the septa they represent. They are wholly without tubercles or 
papilla), and if their smooth and rounded form may be taken as any 
in^cation of the nature of the margins of the septa, the latter may 
also have been smooth. In that case it could not bo placed in the 
genus MontUvaltia, It occurs in the Great Oolite of the RoUright 
and Stonesfield railway-cuttings, in the Caps-Lodgo and Milton 
quarries, and I have a specimen taken from the coral -bed on Combe 
Down. From none of these places have I obtained well-preserved 
specimens. 
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GonUS ARELASTRiEA, RoUSS. 

An objection was some time since raised by Reuss to the use of 
the unclassical name Confusastrcea^ and attention having been called 
to this by Prof. Duncan, it must now be abandoned. Adelastrcea, 
the name applied by Reuss to a species from the Cretaceous beds of 
Gosau, will now take its place, and Confasastraa consobrina, Con- 
fusastroea tenuistriata^ and Conf usdstnva majnijica, which I have 
introduced into our coral-fauna, must now be caUed Adelcistrcea con- 
sohrina, Adelastroea tenulstriatay and Adelastro'Ci maynijica. Three 
other species which occur in the Great Oolite of the Boulonnais, one 
of which has been lately described by me under the name of Confus- 
astreea liiyauxi, are now also to be referred to the genus Adelastrcpa, 

ISome very large specimens of a coral appertaining to the genus 
occur in the Great-Oolite quarry near Great Milton, and some of 
less dimensions have been taken from the Caps-Lodge quarry ; but 
whether they are distinct from Adelaatnm maynijica^ to which they 
bear considerable resemblance, I have not yet been able to deter- 
mine. 


Genus Platasxr-ea, n. g. 

Clausustnm, Milne-Edw. and Haime, in part. 

The genus Clausastnra is one of those in which there is ample scope 
for divi‘rsity of opinion, tor it has been placed among the Astr eider, 
am(>ng the now discarded Tahidatu, and in the newly proposed half- 
way group designated rieslofuwjidic. It is now, however, evident 
that two very distinct forms have been confounded under the name of 
Clausastroia, In specimens of Clausastraa duhia and Clamastrcea 
Edwardsi, with which I have been favoured by M. do Fromentel, 
there are, as mentioned by him in the description of the species 
very distinct and numerous tabul®, arranged one above the other 
with great regularity, and extending on the same level across the 
corallum. They have been observed and figured in another species 
by M. Etallou, in which the same distribution and form are 
obvious t. 

The other form is represented by two English species, one of 
which, from the Great Oolite of Combe Dowm, Bath, has been de- 
scribed by MM. Miliie-Edwards and Haime under the name of 
Clamasinni PrattL The eiidothcca of this species they describe in 
the following words : — ‘‘ The loculi are closed by weU-formed and 
rather numerous dissejjinients.’^ In the figure which accompanies 
the description these are shown In weathered specimens from 
Combe Down, now before mo, the nature of these dissepiments is 
very apparent. They are obviously quite unlike tabula). 

Under the impression that the so-called Chaisastreva Pratti has 
an essential columella, the original describers transferred it to the 
genus Plerastriva, in which genus it appears in their general work 
on corals. But from the examination of a number of specimens 

Introd. Etude Pol. foss. p. 281. t Leth. Bruntr. pi. Ivii. fig. 5. 

t Brit. Foss. Cor. pt. ii. pi. xiii. fig. 5. 
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from Combe Down, I am convinced that the supposed coliunella 
does not exist in any of them, and that, as I shall presently show, 
they are identical with the ls(t^tnm Coni/beari of the same authors, 
from the same locality. In fact the supposed columella is nothing 
more than the blending together of the inner margins of the septa, 
which takes place in a very uncertain manner quite low down in 
the corallites, and becomes visible only when the corallura is much 
worn down. It was from such a worn specimen that the figure of 
MM. Milne-Edwards and Ilaime was taken. With the full conviction 
therefore that the Coombe-Down coral cannot consistently be placed 
either in Clansaiifraa or Plenisfrita^ I have created a genus for its 
reception which 1 define as follows : — 

The corallum is massive and more or less globular. The calices 
are large and shallow ; there is no wall surrounding the corallites, and 
the septa of one calico meet and unite with those of tlie adjoining 
ones. They are not numerou.s, and are strongly denticulated. 
There is no columella. The dissepiments are v(‘ry numerous, com- 
pletely filling uj) the loculi. The} are well developed and strongly 
arched. 

rLATASTE.EA CoNYiiEAKi, ^I.-Edw. uud Ilaimo, sp. 

isastrera Cotii/hcftri, M.-Edw. and Hairin', Brit. Foss. Cor. pi, ii. 
p. nil, pi. xxii. fig. 4 (isr>l). 

Clansaatro a Pratt M.-Edw. and Ilaime, Brit. Fos. Cor. pi. ii, 
p. 117, pi. xxii. fig. 5 (In’)!). 

All the specimens recently collected at Combo Down may be re- 
ferred either to ClaimasIr^Kt Pratti or to Isastraa Conijlnariy according 
to the condition of the specimen examined. In its normal form 
this species i> more or loss globose, and in such speciiiK'ns, when 
not too much worn, th(‘ calices liave mu(*h the form and a])pcaranco 
of those of Isftfiinra Conifh(ari. But frequently the coralluni has 
departed from this regularity of outline, and the dcjiarture has ])een 
accompanied by a corres])ondiiig irregularity in the fonn of tlie 
calicos, and in the degree of developun'iit of the septa wliere they 
meet in the fossula. Such specimens, if much worn, ])resent all the 
appearance of Clausafitraa Pratti \ and indet'd the characteristics of 
both the supposed 8i)e(*ies may sometimes ]>e observed on difierent 
parts of the same corallum. 

Gohiocora, sp. 

I have met with a single specimen referable to tins genus, which 
in size, mode of growth, and so far as can he seen in its calicular 
characters, bears some resemblance to (Juniocora sociaIU\ It is too 
much overgrown with Bryozoa to permit examination of the mural 
costae, and the septa arc only viHi])le when the ends of the corallites 
are broken off. It has very tliick walls, and tliiii and straight septa. 
The first cycle of septa extends almost to the centre of the calioe, 
the secondary ones are three fourths the length of the primaries, 
and the tertiary septa are rudimentary. 

The specimen here mentioned was obtained by me at Farley 
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Down, and the existence of the genus Ooniocora there establishes 
its distribution through nearly the whole of the English Oolites. 
It has now been met with near to the bottom of the Inferior Oolite 
at Cricklcy, in the Great Oolite of Farley Down, and in the Coral 
Bag at Steeple Ashton and other places. 

Dimorphastrjea fungiformis, n. sp. (Plate V. figs. 22, 23.) 

I have obtained from the coral-bed of Combe Down several corals 
of a species which, as I fail to detect pores in the septa, is here 
placed in the genus Dhnorphf^frcpn, It has a pedunculate form 
witli an overhanging rounded fungiform top, the upper surface of 
which is convex. The peduncular part is short, and the expanded 
top has a thin and slightly lobed outer edge. 

The peduncle has regular and straight costae, which are similar in 
size to the septal costae near the outer part of the corallum, but 
smaller than those around the central calice. 

The central calice is large and prominent, but is centrally 
depressed, somewhat like the calicos of Crate roseris* and Adelastra^a. 
The smaller calicos are about twelve in number, and are arranged 
somewhat symmetrically around the larger one, and, like it, are 
prominent, with a de[)rehsed centre. About one hundred septa 
enter into the composition of the central calice. and about half the 
number are observed in the smaller ones. In all tlio calices the 
Bcptti anastomose very near to the fossula, but not anywhere else; 
and none of the sept til costoe anastomose, excepting quite at the 
outer margin of the coraUum, and then only sparingly. The septa 
are rather stout, regular, parallel ; and the loculi have the same 
breadth as the &e])ta themselves. The e^lges of the septa and the 
septal costa) have regular and rounded tubercles, much as in Cra- 
terosi ris. 

Height of the corallum about 1 inch. 

Diameter of the corallum about I incli A lines. 

The pres(‘nt species bears some resemblance to Dimorpliastrm 
helianthits, Decker, trom the (\>rallian of Nattheim, in so far as 
the stoutness of the septa and septal costre is concerned, but differs 
wholly from that species in general form, in the shape and arrange- 
ment of the calices, and in the absence of anastomosing septal 
cosUe. 

At present 1 am unable to state nhetluT the septa are perforate 
or not, nor can I speak of the synapticula", excepting to say that 
they are present. 

Genus Comoseris, dT)rb. 

In his recently published “ llevision of the Families and Genera of 
Sclerodermic Zoantharia,’' Prof. Duncan takes exception to my state- 
ment that no very near relationship exists between Comoseris and 
Oroseris ; and after stating that there is no wall either surrounding 
the calices or in the collines of the former genus, ho asserts that I 
have misunderstood the diagnoses of the genera, for it must 
appear, on reading them, that Oroseris can hardly stand as a genus 
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distinct from Comogerls, The only distinction is the length of ihe 
ridges h<ynnding the calicinal valleys.^" From this concluding!; state- 
ment, which is here printed in italics by me, I feel myself compelled 
to express a most unqualified dissent, AVisliing, however, to make a 
more critical examination of the ridges of the calicular surface of 
Comoseris, with a view to the determination of the question whether 
they have walls or not, I have made careful examination of a great 
many specimens of Comoso’is inunlitins^ from tlieCorallian of Steeple 
Ashton and the Boulonnais, and of (^innoseris ventilndan's from the 
Great Oolite of tlie neighhourliood i>f Hath. The results of this 
renewed examination I will now proceed to give, prt'mising that 
the time and trouble will not be wasted which ])laees on a sounder 
footing our knowledge of tlie forms now under considiTation. 

The most siipertieial obseiwatioii of ^\ ell-})reserv(‘d specimens of 
Comosiris irnaltcdis v:i\\ afford siitKcicnt evidence of the di^tinctiuNs 
of the ridges or eollines which divide the np]K*r surface of the eorallnm 
into segments. Wlieii eonij)ared uitli tlie inter^ening calicular sur- 
face these eollines (PI. V. fig. iM) have a c])aractcr of tlnar own, 
quite independently of the calic(‘s, and are cdoflu'd '^Nith costa‘, very 
little resembling tlio se])tal eo.sta' in connection with the caliecs. 
For in>tance, on some (d* the c<illiiies the costa* on the oik* M(|(* do not 
correspond with those on the other sid(\ hut alteniate with them, 
just as do the sei>ta of contitruous (alices of many eomjjound corals, 
buch as thoseof somobj)ecie>of and they ar(*cons(‘(juenth voiy 

suggestive of a concealed wall. Accordingh , in worn sjieeimens a 
veiy distinct and lontinuons lino is sometimes ohservaldc, simulating 
a true wall: Imt sometime^ it has a serratisl or zig/ag course, and 
then presents so mucli the a])pearanfe of the inllected walls bet ween 
the lobes of PhgJhxjgra as to suggest a similarity of origin. With- 
out entering further into tlie (jiiestiofi of the nature of the wall 
ohservaljle in the C(jllines of I may venture to assert that 

no such wall, whatever may Ik* it.s nature, exists in Or(>,\u ris. To 
this 1 shall again refer. 1 may add, as characteristic of tlio genus 
Comoseris^ that the calic(‘S are scattered ov(‘r tin* surface hetwof'u 
the ridges, and never develop<‘d iji lines as th('\ commonly an* in 
Oroseris. Hometimes the eollines are very fr('(]ueni. and there* is 
only space for one row of calices between th(‘m. Put when Iho 
former widen out, the calices s])icad out aKo, and tin* uniformity 
of the line is ]>roken. This is verj' o]>sciwahl(* in both Comoseris 
ir radians and Cot/tascris r( nnindaris (PI. Y. fig. lio). 

Fortunately for the examination of the genus Oroseri^ there is a 
species commonly occurring in the (ire it Oolite of Hatli, which, 
when rubbed down, shows the structure f)f the calices very satis- 
factorily. In this s}>ecics the calices are so near together in tho 
lines, and the lines thems(*lv(*.s Imve so much of a radiate direction, 
that they can only have been iho result of dir(*ct gemmation from 
the inner calices outwards, ^\^thout the interposition of septal costm. 
llie so-called ridges latenilly hounding the linos of calicc's an* really 
nothing more than ordinary K(*pt(d costa*, such as anj visible hetwoen 
the calicos of many sj)ccies of Thamnastnra, The Thamnastreea 
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media of Betus, from the Cretaceous deposits of Gosau, is a good 
illustration of this. When the corallum of Oroseris has been ground 
down and polished, the intimate connection of the calices with the 
costce forming the supposed ridges becomes even more evident, and 
the importance of the successive development of the calices in lines 
still more obvious. 

CoMosKRis vERMiCTJLABis, M.-Edw.aud Haimc, Brit. Foss. Cor. p.l22. 

Meandrina vermicular is. ]\[‘Coy, Ann. & Mag. Nat. Hist. ser. ii. 
vol. ii. p. 402. 

Several very small examples of this species, associated with 
larger ones, have been met with on Farley Down, which have a 
very loaf-like form witli a thin edge. On these the ridges are 
especially pronounced, and the costie, which meet on their line of 
greater prominence, are rarely continuous. 

Oroseris Blattert, Tomes. 

A considerable number of specimens of a species of Oroseris^ 
which, though varying exi remedy in form, may ne\ertheless be 
referred to the abov'c species, have been met with at Combe Down, 
Hampton Down, and Farley Down. Those on Hampton Down are 
in large blocks of stone, and are of great size, but they are very ill- 
preserved. The Farley-Down specimens are, however, in a far 
better condition, and as they occur of all sizes, they furnish a good 
opportunit} of 8 tud 3 ing the successive periods of growth, and illus- 
trate the particular mode of increase of the genus. Young examples 
are simple, and usuallj’, but not invariably, Uirbinate. The calice 
is circular and not yevy deep. At this ]KTiod they grcatlj’ resemble 
Tlucoseris. At a more advanced stage the calice has become elon- 
gate, and it has two or three calices in a line. But it still retains 
its turbinate form, though it speedily afterwards departs from the 
upward mode of growth and spreads out in all directions, eventually 
attaining to a great si/e and undefinable form. 

I am in complete ignorance of the carl}' form and mode of growth 
of such species of Oroseris as are broadly attached or incrusting, 
but 1 may venture to record my conviction that none of them ex- 
hibit the same method of growth as Comoseris, 

Genus Tricycloseius, Tomes. 

M. Pratz, in his very valuable paper on the Fungida^, published 
ill the 29th volume of the * Palieontographica ' (1SS2), suggests that 
the specimen from wliieh I drew up my description of the genus 
may be nothing more than a young examjile of a species apper- 
taining to some other genus. Of Die more ri'cently described 
species from the Great Oolite of Fairford, Trkijdoseris Umax, ho 
entertains the same ojunion, and informs me that there are many 
examples in the museum at Munich which have considerable re- 
semblance to the specimens I have figured. Whc'ii drawing up the 
description of Triaj close ris Umax 1 made use of many young sped- 
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mens of Thamncmirma^ both of Great -Oolite and Inferior-Oolite 
specie, for comparison, but did not in any instance inet'i with an 
example having a single row of caliees surrounded b} long septal 
cosim. I may confidently state that Tncydosens Umax is not the 
young form of any English sjKJcies of though 1 cannot 

at present be sure that it is not the young of an OroserU, However, 
as 1 know of no species of the latter genus to which it can be ro- 
ferrod, I must, for the present at any rate, regard it as a distinct 
genus, but will omit no opportunity of investigating more fully the 
several periods of growth of the last-named genus. 

Micbosolena exgelsa, M.-Edw. & Hoimo. 

The specimens from which IIM. llilnc-Edwarda and Haime took 
their descrijdion of this species were found in the Great Oolite near 
Bath, and formed part of Mr. Walton s collection. Some years since 
I was favoured by that gentleman with specimens from Parley Down, 
and was at the same time informed by him that all his specimens 
had been taken from that locality. During the present year (1884) 
I was conducted to the spot by the itev. H. H. Winwood, when I 
made the following note of its occurrence there. 

Although fragments may be found scattered all through the coral- 
bed, it is only at twower} restricted and not very distant sjiots that 
this species is abundant. It is ther(‘ found in a softish white layer 
which is overlain by a bed of hard stone. To the under sirle of the 
latter the coral appeal's to be attached b} a rathtT small base, from 
which it ramifies in <*very direction downwards, and forms a thick 
rounded bush wliich attains to a height of as much as a foot and a 
half. The pc( iiliar ]>osition of these* bush-sha]>ed masses, bottom 
upwards, would seem to indicate that the whole* of the* beds had 
tumbled over and reversed the position of tlie corals, a conclusion 
not how'e\er home out by the ]>resenc(‘, in place, of the regularly 
bedded compact Bathstorio immediate!} b(*n(*afli, wdiich W’a-s at one 
time w’orked at that place, and is still well exposed. 

I have examined several specimens of this species from tlie rail- 
way-cutting near Stonesfield, which are worth} of mention. Tliey 
are attached to worn specimens of Thauuxtsfnfff arc small 

in size, and have a ])yramid<d or subconical form, with a large 
apical calico, and an irregular ring of smaller one's ne.ir the base, 
just as in the genus Genabada, At this period of tlieir growth 
they might be referred to an attached sjieeies of that gc'iius, such as 
Genahacia SanctdmihuU of MM. ^lilne-Edw'ards cand Haime. But 
other examj)l('s of rathc'r more advanced growTh have a less regular 
form, and a greater number of lateral calicos, while lh<» earlier-formed 
ones, near to the termina’ caliee, have increased visibly in si/e, and 
do not differ much in this respect from it. I wnmld suggest the 
probability of the Genahacia Sandl-rnihidl bc*ing merely the early 
penod of growth of some dendroid species of Thammistrcea, 

In addition to the foregoing there are several species which are 
represented by such unsatisfactory specimens that they cannot bo 
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placed even generically. I may allude, however, to one which has a 
dendroid growth, a thick and wrinkled epitheoa, increase by lateral 
gemmation, and denticulated septa which pass into a central mass 
which has something the appearance of a papillose columella. 


Conclusion. 

The beds of massive and nearly unfossiliferous building-stone 
around Bath indicate a period of continuous deposition which was 
inconsistent with coralline growth. At the conclusion of this 
period, when there was a pause, the condition became so far 
favourable as to be productive of coralline life, and in considerable 
variety and plenty. 

The coral-beds exposed on the Farley and Hampton Downs con- 
sist of a whitish mudstone, in which the corals are imbedded, many 
of them showing, by their incrusting and delicate Bryozoa and 
Serpulie, perfect in their details, that they lived and died whore they 
are now found. Such has been the case with some of the tall 
dendroid examples of Microffolena excelsa^ which, attaining to a 
height of a foot and a half, and having a bush-like form, may still 
be seen in the Farley- Down section attached to the substance on 
which they grew when the sea of the Great Oolite washed over 
them. It is probable that the coral-beds of these localities, like 
other oolitic ones, were not of great extent ; for on Combe Down 
otluT conditions prevail. The coral-bed there, though holding the 
same position, presents a very different appearance. The corals are 
scattered in it in varying degrees of abundance. It is distinctly 
oolitic, and does not afford the least evidence of having been 
the x>lace of growth of the corals. On the contrary, they have 
much the asj^ect of derived fossils. Yet this bed, from its strati- 
graphical positicni, and from the number of corals it contains, is 
evident 1} of the same age as those of Farley and Hampton Downs, 
and may ])crhaps liave been the result of a wash from some near 
coral-bank. 

Correlated with the coraUiferous deposits of the Great Oolite of 
Oxfordshire, those around Bath ])robably correspond with the one 
exposed at (^aps Lodge, near Burford. At that place, and on 
Farley Down, are ])atchos of Forest Marble which overlie the coral- 
beds iind appear to hold nearly the same position in relation to them 
at both those places. Hence the probability of their being on the 
same geological level. 

From the fnapiency of sponges associated with corals in the Butts 
Quarry, Hampton Down, and at Farley Down, it is probable that 
Mr. Moore’s sponge-bed at Hampton Bocks is the equivalent of the 
lower part of Ihe coral-bed, which at that place contains more 
sponges and fewer corals. 

Of the probable age of the coralline deposit in the Lime-kiln 
Quarry, near Cirencester, I can say nothing. 

Q.J.G.S. No. 162. * P 
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EXPLANATION OF PLATE V. 

Fig. 1. Barymilia Etalloni : the corallum, natural size. 

2. : another specimen, natural size. 

3. : some costa*, magnified, showing their ramification. 

4. : a few cx)8t», much magnified. 

6. ThanmocoBnia ooHtica : the corallum, natural size. 

6. * a part of the corallum, magnified, showing its attachment 

to a foreign body. 

7. : some of the axillary costa?, magnified. 

8. : a calice, greatly magnified, and one side cut away to show 

the septa. 

9. Sfylosmitia exceUa : part of a corallum, natural size. 

10. : a ix)rti(m of the calicular surface, magnified about two 

diameters. 

11. : a worn calice, considerably magnified. 

12. : an unworn calice, considerably magnified. 

13. Enallohelia socialis : a portion of the overhanging consolidated upper 

surface of the corallum, natural size. 

14. : part of a lateral corallite, with a calice, much magnified. 

15. HeUitcoBTiia ooUtica : the corallum. natural size. 

IG. : a young calice before becoming prominent. 

17. : a worn calice, showing the lamellar columella. 

18. Stylo>7niha reptarn: a young corallum, natural size, attached to a 

Thamnastreea. 

19. : a portion of another specimen, much magnified. 

20. : a worn calice, magnified. 

21. : another calico on the same specimen, liaving very irre- 

gularly de\ eloped septa. 

22. Dimorphai>tr(fa funyiformia: the conillum, natural size. 

23. : the calicular surface, natural size. 

24. Conio<^rit> irrarfians’ |)Ortion of acolline of a weathered specimen from 

Steeple Awhton, magnified, and showing the supposed wall. 

25. vfrmicn/ari> : portion of a coUine of a worn example from the 

Great Oolite of Farley Down, Bath, mugrufi<‘d. 


Discussion. 

Dr. Hindu expressed his sense of the value of the researches of 
Mr. Tomes on the distribution of corals in Ihi' Jurassic rocks ; but 
expressed his regret that the siieciinens described ere not laid on 
the table for the inspection of the Fellows of the Society. 
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Introduction. 

Size for Rizo there are few places in the world where such a variety 
of geological phenomena are gathered togetlior as in N('w Zealand, 
8edimeiii ary rocks are reprcRented of nearly all ages, from Archaean 
upwards, and all but the lowest have yielded fossils, in some places 
abundantly. We liav(‘ mctaraorphic tind eruptive rocks of nearly 
all kinds. Wo have volcanic cones of all sizes, from low hills to 
Ruapehu more than 9000 feet in height ; and we have them in 
all stages of degradation, from mere stumps to fresh scoria-cones, 
and one, Tongariro"^, still active. We have a^so solfataras and mud 
volcanoes, furaarolcs, geysers, and hot springs in abundance. We 
htavc a mountain range with an aljiinc structure, and with glaciers 
and glacier lakes almost equalling those of Europe. But one thing 
is missing, — there are no Red Sandstones, either with or without salt 
and gypsum, and no magnesian limestones. Xew Zealand appears 
never to have been the site of great lacustrine doi>osits. In ad- 
dition to all th(‘se advantages our geographical position is one 
of great interest. It is in New Zealand alone that we have any 
record of the ancient floras and faunas that overspread the South 
Pacific ; and it is hero we must look for evidence of the changes 
that have taken place in the physical geography and climate of this 
enormous area. Situated at the antipodes of Europe, any change 
of climafe, brought about by shifting in position of the earth’s axis, 

* In all names of Maori origin pronounce the vowels as in Italian. 

P 2 



192 


CAPT. P, W. HUTTON ON THE 


by changes in the obliquity of the ecliptic, or by any purely cosmical 
cause T\hatever, must find its parallel in New Zealand, and, con- 
sequently, Now Zealand is to Europe a base of verification for all 
such-like h} potheses. 

The geology of New Zealand has been siudied for the last twenty- 
five years, and a great deal is known about it. Valuable memoirs 
on various detaobed districts will be found in the ‘Quarterly Journal/ 
in Dr. Hochstetter’s works, in the ‘Transactions of the New Zea- 
land Institute.’ and in the records of the geological surveys of the 
colony. In the official ‘Handbook of Nc^\ Zealand’ (2nd ed., 
Wellington, Dr. Hector lias given a geological map of the 

island, and an excellent summary of the distribution of the different 
formations and their principal fossil (ontents : but, up to the ])re- 
sent, no one has attempted to describe the geology of New Zealand 
as a \^hole. I have therefore thought that, as during the last 
eighteen years I have travelled over the greater part of })oth the 
North and South Islands, from the Bay of Islands to Foveaux 
Straits, it inig'nt be u^eful to offer to the Society a slight sketch of 
the general geological structure of the country. 

For those places vhich I have not ]>ersonally examined I have 
used the observations of others ; but in all such cases I have given 
my authority and a reference to the publieMtion in v^liich it will 
be found. Several of the opinions expressed arc not universally 
agreed to by other New-Zcaland geologists. I merely state my 
own views, which may he wrong, but which have been arrived at by 
a long and conscientious stud\ of N<‘W-Zealand geology. The chief 
point of dificrence between the Survtw and lujself, J liavo already 
discussed in a pa])er which I have had the lionour to submit to the 
Society*. On thi& point 1 have always foUow’ed T)r. von Hochstetter, 
and have ne^e^ consented to the remo\al of the Aot(‘a series and 
the brow n co<ils of the Waikato from the ( )ligo(*aie into t]i(‘ ( Vetaeeo- 
Tertiaiy formation of Dr. Hector, wliere t]ie\ are grouj)f‘d with the 
Saurian beds of the Waipara, and with tlie Ooal-nu'asurcs of Ihikaw^au, 
near Nelson. The otlier points of diflerenee are of minor imjior- 
tance ; and I have not thought it advisahh* to discuss tlumi here, as 
discussion W’ould be out of place in a mere sketch like the jirescnt. 

Grouping oi’ the liocKs. 

The geology of a district can be siudied quite irrespective of any 
other part of the world. We can grou]) its rocks by means of un- 
conformities (stratigraphical and ])ala*ontological ) into systems and 
series, and after liaving made out its geological history, w'e can com- 
pare it with that of other parts of the w^orld h} endeavouring to 
refer the systems and scries to their probable ecjuivalcnts in Euroi>e. 
On the other hand, w’e may commence by tiying to refer the rocks 
of the district to their European equivalents, and refrain from 
giving names to the local systems. The first plan has been adoplcd 

* “On the Geological Position of the Weka-pass Stone." Bead 2r>th June, 
1884, but not yet publishe<k 
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by Br. von Haast and by myself ; but Br. Hector prefers tbe second 
for the larger groups, giving local names only to the series. Of 
course there is no real difference between the two methods, it is 
merely a question of nomenclature ; but in a district so far from 
Europe as is New Zealand, the second plan must for many years be 
more or less uncertain, and constantly liable to change as our palae- 
ontological knowledge increases ; and different geologists may call 
the same group of rocks by different names. The first plan is not 
open to this objection, and is, indeed, the same as that necessarily 
employed in Europe. As geological investigation advances, other 
systems and series may have to be added ; but those that are once 
generally accepted remain for aU time. 

It is on this first plan, therefore, that I propose to group our 
rocks ; but as the method has as yet been applied only to separate 
districts, many of the names used are synonymous, and it becomes 
necessary to introduce a modified scheme apjdicable to the whole 
of New Zealand. This I have attempted to do, and will state the 
considerations that have guided me in drawing it up. In the first 
place the names of the systems and series should be geographical, 
and taken from the most typical districts, where the rocks are best 
developed and contain the most fossils ; but names already in pretty 
g(meral use should not bo altered, although some other locality 
might lv)gically furnish a better name. In the second place the 
names of the systems and of the series should be of Maori origin, 
in ordci’ that they may be characteristic, and may convey to geo- 
logists in all parts of the world the idea that they belong to New 
Zealand. In the third idace, priority in nomenclature should be 
allowed considerable weight. The following Table shows the ar- 
rangement 1 propose. The right-hand column gives the probable 
European equivalent, that is the probable age ; but it must be under- 
stood that this is merely provisional and constantly liable to change. 
I have introduced among the systems two new names — Hokanui 
and Takaka, each of which rei)resents a natural group of rocks to 
which no collective name has previously been aj>plied ; and yet names 
are necessar)", for in many parts of New Zealand we can refer rocks 
to one or other of these systems, and yet, in the absence of fossils, 
it is impossible to say to which series they belong. The grouping 
of the Tertiary rocks is founded on that given in a former commu- 
nication to the Sociot}’' *, but it includes modifications subsequently 
made. 

“Synopsis of the younger Formations of New Zealand.” Quart Joum, 
Geol. Soc. vol. xxix. p. .*172, 
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TahU of Sedimentary FormaHons m New Zealand, 


Sjstems. 


Probable age. 


Beoent. ( I “4 ^■EoHan deposits with Moa- | 

I bones and traces of Man. 


Pleistocene. 


Wangandi 

System. 


Pareora 

System. 


Oamanl 

System. 


Waipara 

System. 


Hokandi 
I System. 


I Raised-beaches and Shore-deposits. 
[ Peat-mosses with Moa-bones. 

^ K6reru Series. 

Ormond Series. 

Petane Series. 

Pdtiki Senes. 

Older Glacial deposits. 

^ Lignites of OUgo, Manukau, &c. 

( kv, atc'Te Series. 

I Kanieri Series. 

Tdwhiti Series. 

Ahuriri Series. 

Waitemata Series. 

Brown Coal of Pomahdka, &c. 

Mt. Brown Series. 

Aot^a Series. 

Ototara Series. 

Turangandi Series. 

Coals of Waikato, Kaitangata, &c. 

Amdri Serie.s. 

Awanui Series (?). 

Matak^a Series. 

Coals of Greymouth, Pdkawau, &c. 


Mataura Scries = 


► Pleistocene. 


Newer Pliocene. 


- Older Pliocene. 


k Miocene. 


Wairoa Series . = 
Kaihiku Series. 


ies . = I 


Putatdka Series. 
Flaghill Series. 
Catlings River Series. 
Bastion Series. 
Otapiri Series. 

Or6ti Series. 


Oligocene. 


Upper Oretaceoii'* 


Lower Jurassic. 


Triassic. 


I Maitai 
I System. 

Tdkaka 

System. 


Rimutdka Series. 
Te Anau Series (?). 


Baton-river Series = 

Aorere Series ... 'I 
Mt. Arthur Series J 




KiwakaSeriM. 


Carboniferous. 


= Wdnaka Series. Ordovician. 


ArchaBan. 


General Geological Structure. 

In the South Island the New-Zealand Alps, dividing Canterbury 
from Westlapd, form a narrow range, which rises in Mt. Cook or 
Aorangi to an altitude of 12,349 feet. To the north and to the 
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south the mountains bulge out, somewhat in the shape of a dumb- 
bell, the handle being bordered on the west by the plains of West^ 
land, and on the east by the plains of Canterbury. The southern 
end of the dumbbell is also notched by the plains of Southland. 
The mountains are formed by a main anticlinal curve (fig. 1, a a) 
running from the neighbourhood of Lake Wanaka, in Otdgo, in a 
north-easterly direction to Tasman’s Bay, and forming the ge-anti- 
clinal of New Zealand. The greater part of the west side of this 
anticlinal has been removed by denudation in Westland, so that the 

Fig. 1 . — The South Island of New Zealand. 
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ridge of the Alps no longer coincides with the axis of the curve, but 
forms part of its south-easterly face. On the Canterbury side the 
rocks are thrown into three broad synclines (fig. 1, c, d\ sepa- 
rated by two anticlines (fig. 1, <?, /) running more or less at right 
angles to the main anticline. The most southerly of these syn- 
clines (6) goes from the neighbourhood of Palmerston, in Otdgo, in 
a northerly direction to Lake Pukaki; the second (c) from the 
Gawler Downs, in South Canterbury, in a westerly direction to the 
junction of the Havelock and Clyde rivers, in the Upper Bangitata ; 
the third {d) runs from Waiau in a northerly Erection to the 
neighbourhood of the Wairau Gorge, in Nelson Province. The 
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secondary anticline (e) runs from Hunters Hills, in South Canterbury, 
northerly to the Two Thumb range, dipping to the north. Mt. Cook 
is placed at the point where the synclines b and c and the anticline e 
meet (fig. 1, X ). The anticline / runs from the gorge of the Ashley 
in a westerly direction. In Otago the main anticline turns sharply 
to the south, dipping slightly in that direction, and on its westerly 
slope a syncline (fig. 1, (/) runs from the Greenstone lliver, west of 
liUke Wakatipu, through the llokanui Mountains to Catlings liiver, 
following with considerable exactness the direction of the Otdgo 
anticline. In the northern part of the South Island the main anti- 
cline, turning more to the north, runs out at Tasman s Bay, and is 
fianked on the north-west by a 85’nclinc (7t) passing through 
Snowdon and the Anatoki Mountains to Golden Bay ; and on the 
south-east by another syncline (<) near Nelson, followed by an 
anticline (A-) which runs from the neighbourhood of Top-house 
in a north-easterly direction through Picton and Queen Charlotte 
Sounds. 

All the sedimentary rocks, up to the Hokanui System inclusive, 
2>artake in these flexures. The Waii)ara System is also, to some ex- 
tent, involved in Otago and Nelson ; while the rocks of the Oamiiru 
and younger systems either retain their original i)lane of dei>08ition 
or are occasionally locally distuibed. These last occupy, for the 
most part, valleys, or wraj) round sj^urs of the older rocks. A 
largo fault (fig. 1, w) occurs in the west part of Otago, running in 
a nearly north and south direction through Lake Te Anau, and 
throwing up the Manapouri System to the west*. No clear evi- 
dence of the age of this “Te Anau fault has as yet been obtained, 
as the junction between the Manapouri and Maitai Systems has not 
been closely studied ; but it appears to have been formed before the 
deposition of the Maitai System. 

The Aor/7/ Inland is very different. A narrow ridge, rising in 
the Kaimanawa liange, east of Lake Taupo, to 5000 feet or more, 
runs from Wellington in a north-easterly direction, to near the 
East Cape, attaining here also, in Hikurangi, a height of 5500 feet. 
It is bordered on the south-east by hilly country, occasionally 
attaining nearly to the altitude of the main range, and on the north- 
west by country which is broken, but generally low, with tlie ex- 
ception of three great volcanic cones — Mt. Egmont (82S0), Buaiiehu 
(0195), and Tongariro (0500) — near the central part of the island. 
The rocks also differ much from those of the South Island. The 
cr}^stalline schists of the Takaka System, which arc so conspicuous 
on the south side of Cook’s Straits, suddenly disappear and are quite 
unknown in the north. The main range is formed by rocks belong- 
ing to the Maitai and Hokanui Systems, smothered on each side by 
Tertiary beds, through which rise, at intervals, throughout the Auck- 
land Province, isolated ridges and peaks of the older Maitais and 
Hokanuis. 

This sudden change at Cook’s Straits strongly suggests the 
presence of a fault with the upthrow to the south, although it is 
* ‘ Geology of Otago,' p. 23, Dunedin : 1875. 
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not possible to prove its existence. The rocks of the Oamaru and 
younger systems are found at nearly equal elevations on both 
islands ; but are higher in the central part of the North Island than 
elsewhere. On the contrary, the rocks of the Waipara and older 
systems go to considerably greater heights in the South than in the 
North Island, consequently the “ Cook’s Strait fault,” if it exists, 
was probably formed in the interval between the deposition of the 
Waipara and Oamaru Systems, the downthrow being to the 
north. 

liocks belonging to the Hokanui System are found on the eastern 
side of the Maitais in the Iluahine range in Wellington, and in the 
Kaukamara range near the East Cape. In the Kawhia and Raglan 
districts, in the Auckland Province, they lie on the western side of 
the Maitais. So probably the ge-anticlinal of the South Island runs 
through the centre of the North Island from Wanganui to the Bay 
of Plenty. * 

All the rock systems, up to the Ilokanui inclusive, have much 
the same lithological characters throughout New Zealand, and can 
be broken uj) into series, which are chronologically distinct. They 
may be called “ continental formations,” that is, rocks formed on 
the shore of a continent with large rivers. All the rock systems 
above the Hokariuis are, on the contrary, very variable in litho- 
logical character in different localities, even when not far apart ; 
the only exceptions being a few limestones, probably the relics of 
coral reefs. These may be considered as “ insular formations,” that 
is, as having been deposited round the margin of islands, from 
which ran no great rivers. It is impossible, at any rate at present, 
to divide these latter systems into series which are in all cases 
chronologically distinct. The scries here are geogra})hical, and over- 
lap each other ; but 1 have to some extent indicated their probable 
relations, in the table of formations. 

Eruptive rocks c*o^er but a small area in the South Island. Iso- 
lated exposures of granite occur along the ge-anticlinal axis from 
Paringa River in Westland to Lake liotoiti in Nelson, and in a few 
otlier places west of the axis, the largest area being in the south- 
west of Otago, at Preservation and Chalky Sounds. On the east 
there are a few patches of volcanic rocks of younger date. In the 
North Island, also, volcanic rocks are rare on the east side of the 
main range ; but on the western side, from the centre of the island 
to Auckland, they cover more than half the country, and appear 
again in great force further north, between Hokianga and the Bay 
of Islands. There is no granite in the North Island. 

Dr. Hector has estimated the percentage of area covered by these 
different formations as follows * : — 

North Island. South Island. 

Waipara System upwards r)(>’4(> 24*72 

Manapouri to Holamu' Systems 11*92 73*37 

Eruptive Bocks 31*02 1'91 

100*00 100*00 

Handbook of New Zealand, 1880. I have altered the arrangement. 
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€h>od roofing-elate is found in the Tdkaka System tin Otdgo ; 
statuaiy marble in the Manapouri System at Caswell Sound; 
lithographio limestone, with roc^ belonging either to the Waipara 
or Oamaru Systems, south of Bruce Bay, on tlio west coast of the 
South Island. Coal in thin bods is found in the Mataura Series, 
but there are no workable seams older than the Matakca Series at 
the base of the Waipara System. Prom the date of the Hokanui 
System to the pix'sent day land has existed continuously in New 
Zealand, and no doubt decaying vegetable matter has constantly 
accumulated in favourable localities. But it was only when these 
accumulations were covered up by deposition that they have been 
preserved. This occurred in two ways : — (1) By marine deposits 
on subsidence of the land ; and (2) by lacustrine and fluriatile 
deposits. Consequently we find co^s or lignites at the base of the 
Waipara, Oamaru, Paredra, and Wanganiii Systems covered by 
marine beds ; and also wo have 8ofils and lignites of intermediate 
age covered by fresh-water beds. These latter, however, wo may 
for convenience group in each case in the system to which the over- 
lying series belongs, although there may be au unconformity between 
them. The New-Zealand coals, therefore, belong to what I have 
called insular formations. They do not form large basins, as in 
England, N. America, or Austraiia,jbut| occur wrapping round hills 
formed by older rocks, and are consequently almost always worked 
by day-levels aiid not by shafts. 

Descripti\ e Geology. 

Manapouri JSi/stem, 

This system largely developed on the w(*bt coast of Otago, from 
Preservation Inlet to ]Millord Sound, extending inland to Lake Te 
Anau. Elsewhere it is onlj known on the west side of Tasman's 
Bay in Nelson, from Motueka to Separation Point (Biwaka series); 
but it may probably occur in Westland also. 

The rocks consist of grey and red gneiss, garnet-bearing schist, horn- 
blende-schist, mica-schist, quartz-schist, and occasionally granular 
limestone. Scales of graj)hite have been found in the mica-schist 
at Dusky Sound. The beds are not contorted, and the dip is almost 
constantly westerly, varying from 45'" to 80 the only easterly dip 
recorded being at the marble quarries on the north side of Caswell 
Sound ♦ ; and here this dip seems to he local, for the marble on the 
south side of the Sound dips S.W., 45". We can only escape from the 
conclusion that these rocks have a thickness of many miles by sup- 
posing either that the plane of foliation does not always coincide 
with the original plane of bedding, or that a series of reverse folds 
occur, neither of which has as } et been proved. 

TdkaJca System. 

This system covers a large extent of country in Collingwood 
County, and can be traced south, continuously through Mt. Arthur, 

* M'Kay, Beports of C^logical Survey, 1881, p. 115. 
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Merino Mts., Lyell Mts., Brunner Mts., Victoria Mts., Werner Mfes., 
and along the westerly base of the New Zealand Alps into Otdgo, 
where it again expands considerably, and turning eastward with 
the anticlinal axis, covers the greater part of the interior of that 
province, reaching the sea in the neighbourhood of Dunedin. The 
centre of the secondary anticlinal fold in 8. Canterbury (fig. 1, e) 
and the one in Marlborough (Jc) are also occupied by these rocks. 

In the north-west part of the Nelson Province, the Tdkaka 
System can be divided into three scries, all of which appear to be 
conformable. The lowest of these is the Mt, Arthur ISeries, which 
consists principally of crystalline limestone with bituminous and 
micaceous schists. This series has yielded to Mr. A. M®Kay, the 
indefatigable assistant of the Geological Survey, a few Crinoids and 
a Coral. The middle or Aorere Series is formed principally by blue 
slates, but also contains sandstones as well as felspathic and quart- 
zose schists. In the slates. Mr. J. L. Morley and Mr. S. H. Cox have 
collected Graptolites, some of which appear to bo identical with 
Australian Ordovician forms. The upper or Baton-River Series 
consists of calcareous slates and argillaceous limestones with slates 
and sandstones. The following list of the “ more important or 
abundant ” fossils of this series is given by Mr. M‘’Kay * ; — 


Calymenc Blumonbachii. 
Homalonotus Knightii. 
Orthoceras. 

Murchisonia terebralis. 
Avicula lamiioniensis. 
Ptermea sianosa. 
Spirii'era radiata. 


Rhynchonella Wilsoni. 
Stricklandia lyrata. 
Atrypa reticularis. 

OrtiiiB. 

Strophomena corrugatella. 
Chonetes striatella. 


It also contains many corals and corallines. 

Possils of the Baton-river Series have been found as far south as 
lleofton, and in addition Spirifera vespertUlo and Homalonotus eco- 
pansm. Hector t ; but beyond that the metamorphism gets more 
pronounced, and the rocks of the system pass altogether at the base 
into chlorite-schist and quart zose mica-schist, with occasional beds 
of graphite (Wunaka Series), and in the upper parts into phyllites 
with clay-slate and quartzite (Kakanui Series). No c^careous 
rocks are known in the south. 

The thickness of this system in Otago cannot, I think, be less 
than 100,000 feet ; but in the Nelson Province Dr. Hector estimates 
it at from 15,000 to 18,000 feet only. 

The junction of the Takaka with the underlying Manapouri 
Bystem can be studied in the Ri'waka Mountains, west of Tasman’s 
Bay, and here Mr. S. H. Cox has shown a complete unconformity 
between the two t (fig* 2, b and c). 


* Reports of Geological Survey, 1878-9, p. 126. 
t Trans. N. 2. Institute, >ol. ix. p. 1)02 (1877). 

I Reports of Geological Survey, 1879-80, p. 2, Section A.A. 
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It is very romarkablo that in 
the Province of Nelson, whore 
there are sever/il ex]K)suro8 of 
granite in connection with this 
system, and where the rocks are, 
in places, violently disturbed, 
xnetamorphic action has been 
much less than in Otdgo, where 
the rocks lie nearly flat and no 
gnmitic areas occur. This mili- 
tates much against Mr. Mallet's 
idea that the heat of metamor- 
phism is due to cnishing. On the 
other hand, the enormous thick- 
ness of the system in Otiigo and 
the gradual decrease of nietamor- 
phie action iij)ward make it pro- 
bable that, in this case, the meta- 
moqdiism is due to the internal 
heat of the earth. 

MuHai IS y stem. 

This system is found in the 
South Island., flanking the I akaka 
System on both sides of the main 
anticlinal (o, fig. 1 ), except in 
Westland, whoj e it has becm almost 
entirely removc'd. In tin' North 
Ldand it forms the ehief 2 )art of the 
main range from Wellington to East 
Cujie (Uiinutaka Series), as well as 
most of the outero 2 )s of old sedi- 
mentary rocks in the Jbovince of 
Auckland. The rocks are chiefly 
argillites, red and black slates, and 
grey and green sandstones, with 
occasional beds of limestone in the 
South Island. Thick masses of 
greenstone- ash are found interbed- 
ded with the slates and sandstones 
in many jdaces in New Zealand, 
but these rocks appear to be 
local. 

The thickness is estimated by 
Dr. Hector at from 7,000 to 1 0,000 
feet; but it is very difficult to 
form an opinion, as the stratifica- 
tion is often obscure. 

That an unconformity exists be- 
tween this and the Takaka System 
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is evident. In Nelson it has been shown to rest indifferently on 
the /Vorere and the Mt. Arthur Series*, the Baton-river Series 
beinj;' absent (fig. 2, d). In Westland, Mr. Cox describes these 
rocks as quite unconformable to the schists t ; and at Reefton they 
hav<' been shown to be unconformable to the Baton-river Series 
(s= Reefton Series) by Dr. Hector, Mr. Cox, and Mr. M®Kay. At 
the Tapanui Mts. in Otago, the system rests partly on the Wdnaka, 
and partly on the Kakanui Series, while in the West-coast Sounds 
it appears to rest upon the Manapouri System. But notwithstanding 
this unconformity, it is by no means easy to draw the line between 
this and the Takaka System in Otago ; for the metamorphic action 
has passed upwards through both, assimilating to some extent along 
the boundary the rocks of each system. 

Ill consequence* of the rocks being generally unfossiliferous, it has 
not yet boon foniid possible to break up this system into distinct series. 
According to Dr. Hector, the following fossils occur in limestone at 
the Dun Mountain, near the base of the system ; — Spirifera hisvd- 
cata^ Spirifern (jlahra. Product us hracluftliarus^ Cyaihophyllum and 
Cyathocrinu^. In the upper part of the system the only fossils 
known arc the tubes of two or more species of Tubicolous Annelides, 
perhaps VoruvJltcs 

The Jlimutdka Series of the North Island no doubt belongs to the 
Maitai System. The Te Anau Sirles of Dr. Hector is now con- 
sidered by the Geological Survey as forming the base of the Maitai 
System, but lormerh it was placed at the base of the Hokanui 
System §. It is said to consist of an enormous thickness of 
greenstono breccias, aphanite slates, and diorito sandistones, with 
great contemporaneous floes and dykes of diorite, serpentine, syenites, 
and felsitc I ; and it ajijiears to m(» to be merely the igneous rocks 
belonging to the system, and not to represent any particular 
horizon. I sa) tliis, however, with much hesitation, because Mr. 
S. H. (^ox, to whose opinion 1 attach great eight, differs from me 
on this point and agrees with Dr. Hector. 

Remarkable beds of manganese ore, generally associated with 
red jas])eroid slates, are found in several places in the Auckland 
Province and also near Wdlington. In many respects these rocks 
remind one of the deposits now being formed in the deeper parts of 
the Atlantic and Pacific Oceans, and the absence of fossils strengthens 
the ira])resssi()n. 

This system is the same as in} Kaikoura formation.” The 
“ Westland formation,” and the lower part of the “Mount Torlesse 
formation ” of Dr. von Haast also belong to it. The rocks called 
“ Maitai slates ” by Dr. von Hoehst otter are seen in the neighbour- 
hood of Nelson to overlie rocks containing Jlonotis belonging to the 
Wairua Series ; and in addition to this, Dr. Hector collected from 

* Cox, Reports Geological Siirvoy, H81, p 47. Up Devonian, a. 
t Reports Geological Survey, 1874-7fl, p. flS, and sections, 
f See M^Kay, Rep. Gool Surv. 1879-80, p. 90. 

8 Reports of Geological Sur\ey, 1870-7, p. v, 

11 ‘ Handbook of New Zealand/ 1883, p. fe. 



202 


CAPT. F. W. HTTTTON ON THK 


them, in 1866, fossils which were said to be Inoceramns *, For 
these reasons I have, in my report on the Geology of Ottigo (1875), 
associated Dr. Hochstctter’s Maitai slates with the Wairoa Scries ; 
and Dr. Hector in 1877 considered them to be the same as the 
Xaihiku Series of the Nuggets and Mt. Potts t. But on the other 
hand these slates resemble in lithological character those found in 
other parts of Now Zealand underlying the ITokanui System ; and 
there is therefore some doubt as to the true position of the Maitai 
slates. Consequently I should have preferred to retain my name 
of “ Kaikoura " for this system ; but tlie term Maitai has been 
largely used by the Officers of tlie 8urve} for the present group 
of rocks, and I do not wish to destroy this approach to uniformity 
by insisting on the desirability of employing some other name. 
1 am the more ready to do so, as I think it probable that the 
superior position of the !Maitai slates to the "Waink Series near 
Nelson may be due to inversion and that the supposed hweeramns 
may belong to some other genus of the same family. 

ITokanid Si/stem, 

This system is found in the Xorth Island between Kawhia and 
the Waikato, and again at P(»rt Waikato (Piitatilka SiTies) §. It 
also occurs at Wellington, in the Kuahiiie range, and again in the 
Raukamara range, near the East Ca])e. In tin* South Island it is 
found on the eastern side of the ge-anticline, outside the Maitai 
rocks, and occupies part of the synclines, />, c, and d, already 
mentioned (tig. 1), as well as the Southland sjncline (</). In 
Westland and in the north-w(‘St of the Nelson Province it is quite 
unknown. A small jiateh 1*^ found near Nelson (Wairda Series), 
but the two largest areas covered by this system are on the north- 
east and on the south of tin* island, (’ommeneing in the neigh- 
bourhood of Kaikoura iieniii.sula, it vskiits the main range to tlie 
Hanmer plains, sending northwards a long tongue towards the 
Wairau gorge. To tlie south it readies the (’antc‘rbury Plains 
at the gorge of the Ashley. It reajipears in tin* Malv(‘rn J I ills, 
and in the north Imiiieli of tlie river Ashburton, A\li(‘iiee it runs 
southwards to the neighbourhood of Ml. Peel, extending in- 
land through the Clent Hills and Rangitata River as far as the 
junction of the Clyde and the Havelock, near ]Mt. ]*ot1s. Another 
exposure of thesci rocks occurs somewhere near the Maekonzie 
Plains, in the centre of the basin formed by the main anticline and 
its easterly extension in Ota'go (r/, a, fig. 1 ), and tin* secondary anticline 
(e) running from Hunters Hills towards Mt. (’ook. Mr. A. M^’Kay 
has proved the existence of this exposure liy finding fossils be- 

* Reports of Geological Survey, p. 11»^>, and 1H7S-0, j). 117. 

t Rep. Oeol. Hurve>, ]87t) 7, p. v. 

f M^’Kay, Rep. Gcol. Survey, 1877-S, ]>p. 155-1 .08. 

§ Bocks of this age were said by Hr Hector to ooeur north of Auckland, 
near Mahurangi (Geol. Rep. 1874-6, p. vi), and doubtfully al tlie island of 
Kawau (Gcol, Kep 1868-0, p. 45); but this has not been conlirmed by Mr. Cox 
(Geol. Ucj). 1879-80, p. 14). 
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longing to the system in boulders in theWaitaki*; but the rocks 
have not yet been detected in situ. The southern development of 
the system is on the coast between the rivers Clutha and Mataura, 
passing inland through the Hokanui Mountains to beyond Mt. 
Hamilton. This is the best locality for making out the series of 
rocks forming the system, a work which has been ably accomplished 
by Mr. 8. H. Cox f. 

The rocks are principally blue slates and green or brown sand- 
stones, with beds of conglomerate sometimes passing into breccias. 
There are no limestones. In the lower scries beds of greenstone 
ash occur, and in the upper thin seams of coal. It is a littoral 
formation, plant-remains being found throughout. The thickness 
has been estimated both by Mr. Cox and by myself at between 
20,000 and 25,000 feet in Southland. 

This system is undoubtedly unconformable to the Maitai System, 
but it not easy to get good sections to prove this. The best is 
perhaps in Southland, at the Takitimu Mts., where I reported an 


Fig. 3 . — Section from Oreti River to the Talritimu Mountains, 
(Distance 12 miles.) 

N.E. 8.W. 


Ortfti 

■RiTer. Mills. 


Mt. Hamilton. 


Takitimii 

Mts. 



unconformity in 1872^, and this has since been confirmed by 
Mr. (^ox § (fig. 3, 6^. In no place, however, is it known to rest on 
the Maitai System. 

The Hokanui System forms the upper part of Dr. von Haast’s 
‘‘ Mt. Torlesse formation.^’ It has been divided into a considerable 
number of series, all conformable to each other, but distinguished 
by their fossils. The fossils, however, have not been described ; 
and, although it may very probably be true that all these scries 
wiU be found to be necessary, at present it is impossible to recognize 
them in the field, and it therefore seems to me preferable to reduce 
the series to three at the most. The KailuTcu Scries forms the base 
of the system ; but fossils are rare, and I doubt much whether it can 

♦ Reports of Ooologifiil Survey, 1881, p. 77. 
t Rpp. Oeol. Surv. 1877-8, p. 25. 
t Hop. acol. Surv. 1871-2, p. 103. 

§ Rep. Gool. Surv. 1877-8, p. 113. 
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be separated from the Wair6a Series. The only characteristic fossil 
mentioned by Br. Hector is Triijomtrcta inuhdata. Labyrinihodont 
teeth and Glossopteris tiro found both hero and in tlie next higher 
series. Etmains of what appears to be an Ichthyosaurus * * * § have 
been found near Mt, Potts, in S. Canterbury, in bods recognized by 
the Geological Survey as belonging to the Kaihiku Series. Br. 
Hector considers this series of Permian age ; at the same time he 
notices the absence of “ the usual Palaeozoic elements of a Permian 
fauna, and, 1 may add, of a Permian flora also. 

The Wairoa Series is well characterized by the following ; — 


Belemnites (?) otapiriensis, Htctor. 
Monotis saliuaria, var. richmondiuna, 
Zittel. 


Ilalobiii LomnioUi, irisifm. 
M}tiliis probltMnnticus, ZiitcL 
Spirigora Wroyi, 


There arc also several Spirifers which are referred by Br. Hector 
to new genera or subgenera (not yet described) call(*d Claviyera^ 
RasteUiyi ra^ and Psioilia f. 

Among the plants are Dtnnmara fossil is (Ung.), Zamites^ llhacho- 
phyUu7ii, Glossopttrisj and yeuro 2 )hrls. 

The Mata lira Sirits is characterized by 


Ammonites novo-zelanclicu-^, Hauer, 
Belemnites auckltindicus, Hauer, 
— Hochstctteri, Heefor J. 


Beloninite>. oatlinonsis, Hector, 
InocerainiiN Haasti, Hochst, 
Aucella plieuta, Ziff el. 


The plants are Pilypodiitm Hochstittt ri^ b Asphmum palcc^ 
opteris, I ng., Ta iiiapU ris U)uari% and Macrota iiiopttris lata §. 


Waipara Systan, 

In the South Island t}iif> system extc nds, with a few interruptions, 
from Cape Cam})l»ell in (’ook’s Straits to tin* river Ashburton in 
S. Canterbury (Amuri Series), and an isolatc'd patc-h occurs in the 
Trelissick basin on the upper Waimakariri. In Ot.ago it includes 
the coal-measures of Shag-point and the Horse llange (Matakea 
Series), as also the coal of Ht. Hamilton and possibly a small patch 
on the north shore of Lake Wakatipu. Ij] the Nelson Province it 
includes the coal-measures of l^akawau, and the Intuminous coals 
of the Puller and Greymouth. In the North Island Hr. Al^Xay 
has recognized the system on the east coast of AVellington ||, and it 
apparently covers a large extent of country in the W'aiapu district, 
in which oil-springs are situated (Awanui Scries) ; and again on 
the Wairoa river north of Kaipara Harbour H in Auckland. Put 

• Ichthyosaurus australis. Hector, Trans. N. Z. Institute, vi. p. tV).*). 

t Br. licctor also mentions Nanfihis mesodiscus, Nautilus goniatites, Pleuro^ 
tomaria ornata, and Tancrcdia truncata. 

Trans. N. Z. Institute, vol. x. p. 48ti. 

§ Dr. Hector also mentions TrUfonin costafa, Spinferma rostrata, Epithyris, 
Cycadifes, Kchinostrohus, and Campiopferis. 

B Reports of Geological Survey, 1 878-9, p. 79. 

\\ Cox, Reports of Geological Survey, 1879-80, p. 22. 
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until the fossils from those North-Island localities have been carefully 
compared with those from the typical districts at Amuri and 
Waipara in the South Island, it is impossible to feel quite certain 
about their ago. 

The thickness of the system at Amuri Bluff is estimated by Mr. 
M*^Kay at about 1000 feet. I considered the Matakea Scries at 
Shag Point to bo between 0000 and 7000 feet. The strata are 
usually much disturbed except in North Canterbury. In Marl- 
borough they go, in Bonmore, to an altitude of 4360 feet. In 
Bullor county they form mountains 5000 or 6000 feet high, and at 
Mt. Hamilton in Otiigo they occur at an elevation of 3700 feet. In 
the North Island the greatest elevation of the system is in the East 
Ca]»o district, and perhaps docs not exceed 2000 feet. 

This system is quite unconformablc to the Hokanui System in 
MaTl))orougli and Canterbury. The coal-measures of the Malvern 
Hills and of Mt. Hamilton (fig. 3,/) rest on the Hokanui System ; 
those of Shag Point, the Gro}’, and the Buller, rest on the Maitai 
System ; and those of Pjikawau in Nelson on the Takaka System, 
showing a complete stratigraphical unconformity. The palaeontolo- 
gical break is probably equally great, but it has not yet been proved. 

The up])er part of the system in Marlborough and Canterbury' 
consists of white argillaceous limestone (Amuri limestone) often 
containing flints. Dr. Hector calls it a deep-sea deposit ; but it 
must have been formed within a fow miles of land, and in the 
Kaikoura peninsula has thin ])and8 of fine conglomerate running 
through it. Near Oxford, in (yauterbury, a chalky limestone occurs 
which, according to Dr. Hector, is “ made up chiefly of minute 
shells of Foraminifera but I can find none in it. Although it 
is remarkahly i)ure, it must have been formed close to land, as the 
Oxford Hills hclund it rise to a considerable height. It is no doubt 
the remains of an old coral reef ; but as no fossils have been found 
in it, it is uncortaiu whether it belongs here or to the Oamaru 
System. 

In the typical district remains of marine Saurians belonging to 
the gcncr.'i Matfis'nunis, Tan’nvhasaurus^ Polycott/les^ 

and TjCuhIoi] have been found and have been described by Sir K. 
Gwent and by Dr. Hector Among the Mollusca are Belem- 
nites australis, Phillips §, (^onchothyra /Kirasiticu, MX^oyH, a genus 
allied to Puyudlus,, Conrad, of the North- Americau Cretaceous, 
Iiioceramu6\ Trif/onla sulcata^ Hector^T, and many others not yet 
described. The jilants found at the base of the system at Waipara 
are chiefly dicotyledonous angiosperms and Dammara. From 
Pakawau Dr. Hochslotter obtained Eqiilsetites, JWuropteris^ and 
either Zamitfs or Pheeni cites; but leaves of dicotyledonous angio- 

* Reports of Geological Survey, 1870-80, p. viii. 

I Brit. Assoi'. Rep. p. 122, and Geol. Mag. 1870. 

f Trans. N. Z. Institute, vol. vi. p. 333. 

§ Hector, Trans. N. Z. Inst. x. p. 487. 

II See Reports of Geological Survey, 1873-4, p. 37, footnote, 

•f Trans. W. Z. Inst. vi. p. 858, footnote. 

Q.J.G.S. No. 162. a 
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sperms also occur there The reptilian remains occur above the 
beds with dicotyledonous leaves at the Wa (para, and they occur 
above the beds with Belemnites amtralis at Aiuuri lllud : but the 
relation of the Belemiiite beds to the leaf-beds lias not yet been 
made out. Mr. A. M^'Kay reports having? found at tho 

Ten-mile Creek near (ireymoutli t, and also iwiiv ^^'aiInirinlu. between 
Cape XidnajjjHTs and (’ajm Tuniaj^aiii on the east coast of Wcl- 
lin^hmj. He also mention'^ linding a skeleton, ap])arently reptilian, 
at Lake \Vakati})U, from which ^ fragments of a jaw with long 
slender Piesiosaurus-like tooth’’ were obtained^. In llie Otago 
[Museum there is a fragment of an Ammonite from tin' [Matakea 
Series near Sliag Point . Dr. Hector mentions J non mat ns and 
Ijchninites from the Awanui Series in the Last Ca])e District ^ ; and 
3>rr. Cox reports Jnon rtnnns from the W'airoa river, Kaipnra 
Harbour'*'^. A smooth Lnnuranuts"' is also immtioned by Mr. 
M‘^Kay as occurring in many places ])et\\ecn Ea>t ('a])e and (’ape 
Palliser ft. 

Xo nndouhted [Mesozoic fossils have been r(-])orted from any other 
of tin* di'>triels considered by tlu‘ (ieolugical Survey as “(’rctacoo- 
tertiaiy.’* According to Dr. Hector “no tract* of a licltuunitc 
])ossessing the up})t‘r part of its uiuird or pliragmocone has been 
discovered in ain bt'd alnive the black grit *'iT, that is about the 
middle of the Aimiri Seri(‘s. Put, he sa\s, smooth fU‘'iform bodies, 
with a minult* deprt's.sion or ]>erforation at tin* lower end, which 
exfoliate from the central jHjrtioii of the guard of />. ((ffsfndls, Itave 
been lound at (iretm Isl.'ind, near Diim‘diu, at Waitaki, and at 
Mt. Hamilton in Otago. He further says tluit tbest* bodies form 
iho Antnfhonnno.v {'! ^lctinoc(ntni,v) of Milbr, and havt* frecpumtly 
been raistaktui for h]»in(‘s t,f ('vlartH, Hut as no wb<»]e guard of a 
Belemiiite, even without the jdiragmocoiK*, h is a^ yet ]>een found at 
am of these localities, nor in any rock s\i])])ose(l Hi be of tin* same 
age, the nature of this fossil must, for llie presiMit, Ik* considiTcd 
doubtful. The rocks in ^^liich it occurs at Oiecn Dland and at tlie 
Waitaki, I consider, from other pahcontologieal evid( nee, to belong 
to tlie Oaniaru Syst(‘m. Thi> fossil is identieal willi tlie “ jjsciido- 
belemnite ” described by Dr. 3Iant<dl from what are known as the 
“Hutchinson (Quarry beds” at Oaniaru§^. and wliicli aie er)nsid(‘red 
bv the ecological Survey to ho of rpj)er J'[oc(‘nc age*. 

Oainarn Sifsfem^ 

In the North Island this system occurs in Tuan\ jdacc's north of 
Auckland and all down the west coast from I’ort Waikato to Mokau 

* [Reports of Geological Survey, 1S70-1, p. lo7. 

Rep. Geol. Siirv. lH7.‘l-4, p. 81. 1 Rep. Sur\. 1874-0, p. 45, 

Rep. (4eol. Surv, 187*1-80, p. 145. | Geology of Olago, [). 45. 

** Re[). Geol. Surv. 187*1-4, jj. xviii. 

** Rej). Geol. Surv. 1870-80, }). 22. ff Re}>. Geol. Surv. 1877-8, p. 22. 

Trfins. N. Z. Institute, v>l. x. p. 489. 

§§ (^uart.. Jouvn. Geol. Soc. vi. p. ‘i2t). The Otolara limestone of Mr. Mnntoll 
included the Hutehin.son (Quarry beds with abundant shclfs and corals, us well 
as the OaiJiarii building-stone. 
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(Aotea Series). On the cast coast it appears to be largely developed 
in the northern part of Hawke’s Bay, extending inland to Lake 
Waikaromoana and eastward to Poverty Bay (Turanganui Series) ; 
but the fossils require more examination before the proper position 
of this 8eri(‘s can bo ascertained. In the Wellington Province it 
has only been recognized in the neighbourhood of Cape Palliserf. 
Valuable seams of coal lie conformably below marine sandstones 
belonging to this system at the Bay of Islands, and at Whangarei. 
The coal-b<'ds of Drury and the Waikato underlie the system 
iiiiconformably, hut they ])robably belong to itj. 

Jn Ihe South faluud it occurs at T.ikaka and Tata Island in 
(loldcn Bay, and extends down the west coast for some distance 
from Cape Farewell ; it is found airain from Cape Foul wind to 
(inwinoiitli. On tlu' east sidt^ of the island, commencing at Cook’s 
straits, it occurs at intervals along the eastern flanks of the 
luountains all through ^Marlborough, Canterbury, Otago, and South- 
land to the W'aiau river. Som(‘ of the inland valleys on both sides 
of the Alj)s arc also partly filled with rocks belonging to this system. 
Valuable seams of brown coal arc found at Dunedin, Tokomairiro, 
Kaitangata, and Nightcap Hills in Southland. In Nelson Province 
the brown coals of West Wanganiii j)robably belong here, as also 
may much of the brown coal nj) the Buller river. 

I have, in another commiinication to the Society §. given my 

roason.s for thinking that this system is un conform able to the 
Waipara System in the northern part of Canterburv. No well- 
(lefiii(‘d junction is found in Otago ; hut both at the Horse Banges 
and at Mt. Hamilton (tig. .‘1, f and //), the general geological structure 
of th(' country h‘avcs no doubt that the two are also unconformable 
fhero'i. TIi(‘re is no imblished section showing the relation between 
the two svstems at (In'Miiouth. The system attains an elevation of 
about iVc't in the North Island, (‘ast of Lake Waikaremoana. 

In the South Island it ])roluihl} never exceeds feet. 

liemains of (Vdaceans liave been found at C^iversham^, near 
Dunedin, at W('ka Pass, and many other ])laces. A Zeiiglodont 
{Kdi'i uodou ov.viftfff. Hector ) has be^on found at the Waitaki. A 
gigantic ])engnin {P(tl<reu<hfpf( ^ on /u/ri/ca.s*, Huxley occurs at 
thimarii in the ( ftotara building-stone : a s]>londid s])ecimen from 
here is in tlie Hta'go Museum; also at the (hiriosity Shop on the 
Bakaia Biver, at Trelissick Basin, at Amiiri Bluff, and near Brighton 
on the west euast +1;. A (*rah { I/a rj tact oca rciuus tauiidiiti. H. AVood- 

CV>\, Th'])ovts of CooUj^umI 187 l-t), p. It >2. 

t M'Kay, lie]). Cuh)] Surx . ls78-‘Cp. 80. 

J IVans. N. Z. iii ]>. 244. 

^ “On the (h'ologiivil Tielatioiis of the AVoka-pa^s Stone.’’ 

II Oeolog> of Otago, p. oO. 

% liiehidiTiga skull in tlie Otago Museum. 

** Trans. N. Z. Institute, >ol. \iii. p. 4.‘?r). 

ft Ann. Nat. Hint. ser. 0, vol. iii. p. oOO: and Quart. Journ. Geol. Soc. 
p. 670 (18.V4). 

tt Hector, Trans. N. Z. Inst. iv. p. 341. 
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ward), originally obtained by Mr. M^'Kay near Brighton ♦, has also 
been found in greensands at Wharekauri in the Waifcaki t. 

Of the MoUusca, the most interesting are Aturm ziczac. Sow., 
Tar. mistmlisy M'^Coy, Mitra, Marffimlhu StriifMolarin senex^ 
Hutton, and About 9 or 10 per cent, of the species 

appear to be recent. The Echinodermata have been considered to 
have a Cretaceous facies, and this is to some extent true if they are 
compared with Euroi)ean forms ; but it is not true if the comparison 
be made, as it ought to be, with the Australian Echinodermata. 

The occurrence of Xumuiulites lias been reported in the North 
Island from Waipu J, Lower Waikato §, l*overty Bay and the East 
Capo district , and from the east coast of Wellington In th(' 
South Island, from iheCreymouth district**, and l>etween A\>stport 
and Cape Foulwindft. But I doubt much if any true Nummulite 
has ever been found in New Zealand. At any rate I have never 
seen one, although I have hcen show ii the so-called Nummulites in 
the ‘Wellington ^Museum. 

Unger has described in the ‘Reise der Novara,’ several loaves 
belonging to the genera Loranthophglhnu^ Mifrti folium, and 

Phglliies, brought ])y Dr. von Hochstettcr from Drury and Waikato. 
In the same publication. Dr. Zittcl has described MoUusca and 
Echinodermata from Papakura, Waikato South Head, Motupipi, 
and Capo Farewell, all of which belong to this system. The 
Foraminifora of Raglan ( =: Waingar( >a) arc described ])y Dr. Stache. 
Other Bryozoa, Foraminifora, and Entomostraca from the Ototara 
Limestone are mentioned by Dr. Mantell and some corals and 
Bryozoa arc described ])y the Rev. Tenison-Woods §§. 

The foUow’ing are the most characteristic fossils : — 


Pleurotoma hebes, Hvffon |' i. i 

Strutbiolaria senex, Huttm, i 

Scalana Browni, 7Attel. 

rotunda, | 

Dental ium trnue, Hutton, 

Panopaja plicata, Hutton. I 

Pecteri Williarnsoni, Zittel. 

Fischcri, Zittcl. 

Hutebin-^oni, Hutton, 

athleta, ZAftel. 


Lima Ue\ip;ata, Hutton, 

])aLvata, Hutton. 

Lovcnia formosa [Zittel). 
Macpopneustes spatangiformis, 
Hutton. 

Mconia Crawfordi, lluftcm, 
Schizawter rotuiidatus, Zittcl. 

Isis dactDa, Tinison -Woods. 
Flabelluin laticosUituin, Tenison- 
Woo(h>. 


Peefen JJochstefteri.^ Zittel, and P, Zitidll^ Hutton, are also charac- 
teristic, but they both pass up into the Parei^ra System. 


* Reports of Geologicjal Survey. 1S73-74, p. 111. 
t M'Kay, Rep. Geol. Surv. 1^1, p. 74. 

1 Rep. Geol. Surv. 1874-7b, p vi. 

§ Rep. Geol. Surv. 1870-77, p. 21. 

|{ R^p. Geol. Surv. 1873-74, p. 110, &r. 

Rep. Geol. Mirv. 1874-70, p. 47. 

•* Rep. Geol. Surv. 1873-74, p. xiv. 
ft Rep. Geol. Surv. 1873-74, p. lOG. 
ii Quart. Journ. Geol. Soc. vi. p. 320 (18.^)0). 

Pahr/intclogy of New Zealand, pt. iv. Wellington, 1880. 

Ill For descriptions see ‘Catalogue of the Tertiary MoUusca and Echinoder* 
mata of New Zealand,’ Wellington, 1873. The plates mentioned in the 
preface are not yet published. 
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Paredra System. 

In the North Island this system is widely distributed in the 
north from Cape llodney, Kawau, and Kaipara Harbour to 
Auckland, where it forms the cliffs round Waitemdta Harbour, and 
at Orakei Bay (Waitemata Scries) ; and extends south to the 
Waikato. Its only other occurrence on the west coast is at the 
White Cliffs in Taranaki. On the cast coast it covers a large 
district between East Cape and Poverty Bay (Tawhiti Series) ; and 
commencing again at Najiier, it is largely developed all down the 
coast to Cook's Straits (Ahuriri Series). In the centre of the island 
it is found in the upper parts of the Eangitiki, Wanganui, and 
Waitotara Rivers. In the South Island it is found on the west 
coast at Nelson (the cliff's), and from Reefton to Hokitika (Kanieri 
Series). It is much better developed on the east coast; in the 
Awatere valley in Marlborough (Awatere Series), between the 
Jlurinui and Waipara rivers, in the Trelissick basin, and again in 
S. Canterbury and Otago from the llangitata to Moeraki. A few 
patches occur in S. Otago and in Southland, and it is extensively 
developed on the east side of Lake Te Anau. It also occurs at the 
Chatham Islands, 

In the South Island the upper part of the s} stem is often formed 
hy thick bods of gravel. This is best seen near Nelson, whore, in 
the Port Hills, gravels are distinctly interbedded with sandstone 
containing Paredra fossils ; and these gravels, sometimes cemented 
into conglomerates, pass inland to Lake Rotoiti, attaining, in the 
Mouterc and Wai-iti lulls, an elevation of 2334 feet*. The same 
may be seen in the railway-cutting on the north side of AN’^eka Pass 
in Canterbury. 

This system attains, in the South Island, an elevation of 3000 
l(*et at Mt. Pleasant, near Lake Te Anau, and also in several 
valleys in the centre of the New-Zealand Alps. In the North 
Island it goes to 4000 feet between Napier and the Mohaka River. 
Hie rocks, althoiigli thrown into rolling curves, are not violently 
disturbed exci'pt locally, and especially in the neighbourhood of 
volcanic rocks. There is a remarkable instance in the cliffs near 
Auckland. Tliis section is hard to understand, but it is quite 
ch»ar. The Paredra System has been shown by myself t and by Mr. 
Cox J, to lie quite uncoiiformably on the Oamarii System in the 
Auckland I’rovince (tig. 4, 7i and y). In the East-Cape district, 
Dr. Hector and Mr. ]\PKay show it unconformable to the Turan- 
ganui Series §. In N. Canterbury no unconformity has been made 
out. In S. Canterbury Dr. von Haast reports unconformity between 
the two II, and in Otago the unconformity is usually well 
marked % 

* Reports of Geological Survey, 1873-74, p. 49. 

i Trans. N. Z. Inst. lii. p. 244. J Rep. Geol. Surv. 1879-80, p. 17. 

§ Rep. Geol. Surv. 1873-74, sections. 

II Geology of Canterbury and Westland, p. 318. 

Geology of Otago, p. 68. 
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Fig. 4 . — Section from near Howiehy Auchlandy to the Wairoa Bivei\ 
(Distance 8 miles.) 


w. 
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The humonis of a Porpoise { Phoccpnopaia ManiellK Huxley *) was 
found by Mr. Manfell at Awamoa, near Oamani. H(' also found a 
fragment of a lard’s ])oue, 1|^ inch in diameter, in n septariuin 
from HampdoTi ( = Onokakara) t, and this, from its size, must have 
belonged to a Moa. Teeth of the huge Mioeeme shark, (^archnrodon 
megaloiloii^ Owen, have been found near Kast Capo. Hut the 
system is chiefly characterized h} its numerous s])ecies(>f Strulhiolaria, 
The other interesting ^Mollusca are Poljfiropay Slphonalla, Co)iiincU(t, 
Turhintlla^ Ancillarin^ Conus^ Xt unjJtora, Mono- 

donta, Crasmteda, Pernrt^ Trirptnia^ and Sohndht. Larg(' 

species of Cucvlhta^ Pardiun} spatiosmn^uwd Todn) suggest 

a sea warmer than at })resent : but with these lived several species 
which are now found as far soutli as Foveaux Straits, — e.g. Vohii<i 
pacified, Triton Spfn fieri ^ Penns Stnichfnirpl, and ctiincnlns laii- 
eostatns. From to 4f5 ]>er cent, of the s])eci(*s of Mollusea and 
Brachiopoda are recent. Fossil plants of the system arc numerous 
near Tapaniii in Otago. Dr. Zittel has described several ^Molliisca 
from C’ap(‘ Kodney, Xa])ier, clitfs near Nelson, and the Awatih’c 
\ alley. Dr. Stoliezka lias described tlie Br}o/oa, and F. Karrer 
the Foraminifera from Orakei Bay. 

Tlie following may ])e considered as characteristic : — 


Coiiiinella RoHnsoiii (Ziffd). 
Voluta corrugata, Hiiffoii. 
Pleurotoina sulcata, Hutfrm. 
ConuB Trailli, Ilitffon. 

Natica solida, S<fV}. 
Struthiolaria cincta, Ihitfon, 

tuberculata, Hutton, 

Dentalium Mantelli, Ziftel. 

laeve, Hut inn. 

solidum, Hutton. 


Cardiuin s))atiosuin, Huff on. 
Cnusnatclla ainpla, Ziftel. 
Liniu])sis iiisolita, Stm. 

Pecten serta, Ihiffon, 

Tri])]iO()ki, YAffd, 

accivjncnta, Huff on. 

Ostrea iiigens, ZAtfvl. 

Flabtdlutii corbicula, Ten,- Woods. 
Platyhelia distaus, Ten.-Woods. 


Pectuncnlns fiobosus, Hutton, and Ostrea nelsoniana, Zittel, may 
also be considered as charactcrif.tic, hut they occur as well in the 
Oamaru System. Indeed these two systems are closely connected 
palaeontologically, and the following highly charactoristi(‘. species 
occur equally in both, but do not occur outside, these systems : — 

* Quart Joum. Gteol. Soc. xv. p. 670; and Ann. Nat. Hist. ser. 3, vol. hi. 
p. m. 

t Quart. Joum. Geol. Soc. vi. p. 326, 
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Turritella gigantea, Hutton. 
Scalaria lyrate, ZUtel. 
Denialium giganteum, Sow, 
Oucullasa alta, Sow, 


Pecten Burnetii, ZUtel, 

polymorphoides, ZiHeU 

Ostrea Wiillerstorfi, ZUtel, 


Wangawdi System, 

Marino beds belonging to this system have been proved by 
palaeontological evidence only in the southern half of North Island, 
from Patea and Wanganui on Cook’s Straits (Putiki Series), to 
the Ng'iruroro River (Kereru Series), and Esk River (Petane Scries) 
in Ilawkos Ray. There can bo no doubt, however, that the system 
also occurs at l^overt}’ Ray (Ormond Series), at Taranaki, round 
Manukau Harbour, on the west side of Whangarei Harbour, and in 
various other places in the province of Auckland. In the South 
Island the marine beds of the north appear to be represented by 
thick unfossiliterous gravels, which are very difficult to distinguish 
from the* upper gravels of the Pareora System. These beds rest 
unconformably on the Pareora System in the western part of Wel- 
lington Province*, and also in Hawkes Bayt, wherever the junction 
has been hoeii, the onl y doubtful place being at Pohui, east of Napier, 
where, according to Mr. Cox the unconformity mentioned by 
Mr. Percy Smith below his “ Pohui papji § ” does not exist. The 
marine beds attain an elevation of more than 2000 feet near Napier. 

L have elsewhere ![ given reasons for concluding that the former 
great extendi on of our glaciers was caused by greater elevation of 
the land during the interval between the Pareora System and the 
marine beds of the W.inganui System. As these marine beds are 
fossilif crons in the Noith Island only, whore there are no traces of 
former glaciation, it is not possible to get direct proof of this ; but 
in Otago the old Taieri moniine, between Lake Waihola and the sea, 
which forms low rounded hills between 400 and 50O feet in height, 
is, oil the seanard sides covered nearly to the top by marine gravels, 
which may belong to this system or may be younger. 

The fossils of this system are very different from those of the last. 
We miss the species of Struthiolaria and Pecten ; and there is no 
Conns or Lhnopsis, On the other hand Murex\ Trophoo^ Pisama^ 
and Gnssi'i ajipear tor the first time. It is also remarkable that 
there should be three genera, Oliva^ Sigaretnsj and RiselJa,, not 
now r(*p resented in our seas. From 70 to 00 per cent, of the 
Mollusca, and aU the Rrachiopoda are recent. Dr. von Haast has 
found Moa bones in morainic deposits H belonging to this system. A 
list of some of tlie Foraminifera from the Pdtanc Series by Mr. G. R. 
Vine, junior, will bo found in the ‘ Transactions of the New Zealand 
Institute,’ vol. xiii. p. 8i)3. In addition to the largo percentage of 
recent species, this sj'stom may be recognized by : — 

* M‘*Kay, Rep Gool. Siirv. 1877-78, p. 19 ; and l.r. 1878-79, p. 84. 

t M®Kay, l.c. 1878-79. f Bop. Gool. Siirr. 1874-7r», p. 97. 

Trans. N. Z. Inst. ix. p. 5(»8. 

Trans. N. Z. Inst. v. p. 384, and Gteology of Otago, p. 83. 

Geology of Canterbury and Westland, p. 380, and Quart. Journ, GeoL 
Soc. xxi. p. 135. 
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TkuaoM Drewii, Hutam, 
PleuTofcoittA wanganuiensifli Hutton. 

tuberoulata, Kirk. 

Galeros infiatus, Hutton. 

Trochus conicus, Hutton. 


Zisyphinus Hodgei, Hutton. 
]>entaliuni nanum, Button. 

Gjtherea aasimilis, Hutton. 

Oelrea oorrugata, Hutton. 
Trocbooyathii8quinariu8,r««.- Woods, 
Flabellum rugulosum, Icn.- Woods, 


There are also many others, the descriptions of which arc not yet 
published. 


Fhistocene Fenod. 

Haised Beaches . — ^At the mouth of the River Thames, near 
Auckland, there is a raised beach some 10 or 12 feet in height 
containing marine shells anc^. at the North Head of ]Mauukau 
Harbour a well-cut beach-terrace is seen at about the same 
altitude t. 

Below the town of Tauranga there is a rais(*d beach about 
2o feet above the sea. Beach-terraces are jdaiiily sei'ii at Hick’s 
Bay near the East C/upe ; but I have never landed tt) examine 
them. At Taranaki Dr. Hector has described Pleistocene dejjosits 
with recent marine shells at loO fc(‘t above tlie seal. Beach- 
terraces occur aLst» near ellingtoii ; and Hr. ^NPKav (b'seribes lliem 
as much more than 2fM) feet high near (’ape Palli-er, in ('ook’s 
Straits On tlu' we&t coast of the South Island Dr. Hector 
Jiientions comjmratively recent ]>(‘ach-tcrrae(‘s (‘\t(‘n(liii‘j to more 
than 220 feet above the M*a , and Mr. Dobson has (“'tjiiiati‘d these 
terraces at 40(» feetT. At Aniuri Bluff there are lliret* terraces, 
and Mr. iNDKay obtained recent marine sludls from tin' liiglji'st, 
which, he says, is oOo tVet above the sea^**. These three tt^races 
are also seen a little further south, at the moutli of tlu* river Coin\ay. 
At Motannau, in N. Canterbury, a raised beach witli marint* shells 
goes to a height of 150 feet above the sea. A do]>osit of fine silt 
occurs along the cast coast of Canterbury and Otago from Banks’s 
Peninsula to Moeraki. At its base ir is stratified, trecjuently with 
layers of gravel, but its u])per portions are unstratified. At Timaru 
it contains a few marine shcllstt. At Oamaru the gravels at its base 
contain large numbers of recent marine sliells and the upper 
parts have yielded Moa-bones, and the skull of a laig(‘ S(‘a-Ele})}iant 
(Morunga elephant ina). This silt goes to a hciglit of MM) feet in 
Banks's Peninsula §§, and to 500 or (iOO feet at Oamaruj Also the 
entrance to the West-coast Hounds arc terraced to an estimated heiffht 
of 800 feet. 

If we plot these heights and distances to scale it aijpears 


* Bep. Geol. Surv. 1808-69, p. 22. 

1 Rep. Geol. Surv. 1866-7, p. 3. 

It Bep. Geol, Surv. 18(;6-7, p. 21). 

Bep. Geol. Surv. 1874-6, p. 177. 
tt M*Kay, Bep. Geol. Surv. J87fi-7, p. 49. 

§§ Haast, Trans. N. Z. Inst. \i. ]>. 4^. 

III. The marine origin of this deposit is, however, disputed. Dr. voit Baast 
considers it to be land loss. See Geol. Canterbury, p. 367, and Trans. N. Z. 
Inst. XV. p. 411. 


t Trnns. N. Z. Inst. ii. p. KU. 

§ Bep. Geol. Surv. 187ft-9, p. 84. 
^ Trans. N. Z. Inst. vii. p. 444. 


It Geology of Otago, p. 70. 
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as if the rise were tolerably regular from Aucklaud to Banks’s 
Peninsula ; but we must remember that the obserratiions are still 
very imperfect ; indeed I believe that the sea stood much higher 
than 800 , feet in Canterbury The remarkable river-terraces found 
throughout the South Island and the southern and central portions 
of the North Island furnish collateral proof of elevation. They do 
not occur in the north part of New Zealand, where also there are no 
raised beaches. 

FeaUmosses, — Several ancient peat-mosses have been examined in 
the South Island, such as those of Waikouaiti and Hamilton in 
Otago, and Glen mark in Canterbury. They appear to be very 
similar in character, and 1 take the one at Hamilton as an example, 
as I explored it m 3 " 8 elf f. This was a small dry basin, about 50 feet 
in diameter and from 5 to G feet deep in the deepest part, excavated 
out of a bed of clay. This small basin was fiUed with peat and bones 
inextricably mixed and forming a com^iact layer from two to four 
le(‘t thick, and be ‘fore being disturbed its surface was rather higher 
than the surrounding country, which was quite flat for a distance of 
1200 yards. Out of the bmall hole there were taken about 7 tons 
weight of Moa-bonoh, more than half of them quite rotten, the 
remains of at least 400 birds J. A great quantity of quartz gravel 
occurred among the bones, some of the stones going up to one or 
two pounds, and one piece of rock weighed between 10 and 12 
pounds. riol>ably this bog was but the remains of a much larger 
one. Besides Hoa-bones there were found abundant remains of 
One^niorniSf and a fe^v bones of llaq>a(jorais and ApUryoc^ as well 
as a number of suiall birds not yet determined : also several bones 
of S^^henodoii 2)i(nct(ttu7n, The bones were not waterworn, neither 
w (‘re thoj^ broken. 1 collected from the peat the following land- 
and fresh-water shells: — T/ialassia ohnublla, IleoAe, and Limncea 
hptosoma, Hutton. The former is now common near Dunedin, 
but requires damp bush to live in. The latter is not now known 
ill the South Island, hut is found near Wellington. 

Dlhivial Epoch. — The Mollusca of the north of New Zealand 
differ sufficient!} from those of the south to make any migration 
which might take pLice in eitlier direction easily distinguishable §. 
But neither in the Wanganui System nor in the raised beaches is 
tliere any trace of a nortlierly migration. Neither are there any 
signs of a Pleistocene glaciation of New Zealand greater than at 
present. Consequent]}' there is no evidence to show that the high 
eccentricity' of llio earth's orbit that prevailed in Bloistoccne times 
produced a Glacial epoch liere. But there are several facts which 
appear to support the view that this high eccentricity produced a 
diluvial epoch h}' causing greater winter snowfall and greater 
summer floods. 

* Trans. N. Z. Inst. x^i. p. 449. 

i See Booth in Trans. N. Z. Inst. vii. p. 123. j . 

} Dr. von Haasi thinks that at least 1090 birds were imbedded in the 
Glenmark bog. 

§ Trans. N. Z. Inst. viii. p. 38»3. 
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In the first place the occurrence of the bonos of After aa well 
is those of the water-loving Sphenodon and the land shell Thdassia 
with bones of tlie Moa at Hamilton, prove that the dry, 
IveelesSy interior region of Otago was at that time covercKi with 
forest ; and this is corroborated by some of the trunks of the trees 
themselves still lying on the sides of the mountains. Secondly the 
eitraordinary agglomeration of Moa-bones in the peat-mosses at 
Glenmark, Hamilton, and other localities, where hardly oven two 
toe-hones were found in their proper places, can only be accounted 
for by supposing that heavy floods swept these )>ones up and 
deposited them in the low ground. And thirdly, the silt of Northern 
OMgo and Canterbury, usually unfossilifcrous but somotiines con- 
taining Moa-boncs and only stratified at its base, seems to im]>ly 
heavy and often recurring floods washing away the fine mud left by 
the retreat of the glaciers during subsidence and its rajud deposition 
in the sea. 

liecent Period. 

It is only in teolian or fliiviatile deposits of this age that we find 
traces of man. Sand dunes arc well de\ eloped in njany plact‘s round 
the coasts of New Zealand. Jletween Manukau Harbour and Tort 
Waikato they form hills .>00 or f»00 feet in height, the sands being 
often cemented into hard rock by iron-oxide deii\((l from tho bl ick 
iron-sand. 

A very complete list of th(‘ localities \Nhere ^foa-lmnes have been 
found, whether in jjoat-niosses, sand-dun(‘s, or caves, lia.s been given 
by 3f r. C. Smith to which I can add notliing of imj)ortanco. No 
less than eighteen sj)ccies of Diwtrnti^ have been found, all of which 
have been described, more or lessfnlh, b} Sir It. Out^n. Of th(‘so, 
five are recorded from the North Island fnih, and nine from the 
South Island only; vhilc four are common to ]»oth isl.inds. Tho 
follow'ing table sliows their distribution. I have divided them into 
four subgenera. 

IPistrihution of the Sjncie.s o/ Hinornis. 


Subgenus. 

North Island. 

Both Islands. 

vSoutli Island. 

1 

1 Movia (Reichen- 
' bach ). 

D. giganteus. 

D. gracilis. 

I). itjgens. 

' I). 8truthioide.s. 

1 

J). maxiinus. 

1 I). altiis. 

J). robust us. 

! 

SYORNis(Reichen-* 

bach). 

J). dicliforrais. 

1 

T). easuarinus. 

D. droiniojdos. 

1 1 

I). rlieides. 

I). Ifuttoiiii. 

Palapteryx 

(Owen). 



I). elephanlopus. 
I). crasHus. 




1). gravis. 

Cela (Reichen-' 1). geranoiclea. 
bach). D. curtus. 

1 

1). pyginaeus. 


* Geological Magazine, ser. 3, vol. i. p. 129 (1884). 
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Eeuptivr Rocks. 

The oldest of our eruptive rocks are found in the Manap<y&ri 
System at the West-Coast Sounds, in the form of dykes of white 
granite, minette, eurite, &c. They do not penetrate any higher, and 
no eruptive rocks have yet been noticed belonging to the TdkaJea 
System. 

Maitai System. — The pink granite found at Preservation Inlet, as 
well as the granites along the ge-anticlinal axis through Westland 
and Nelson, have penetrated some of the rocks of the Maitai System, 
but are found as rolled fragments in the rocks of the Kaihiku Series 
at the base of the Hokanui System* * * § . Their eruption therefore must 
have taken place some time during the deposition of the Maitai 
System, and they arc probably contemporaneous with the dykes of 
syenite, diorite. olivine rocks, and serpentines as well as the green- 
stone ashes found in various Uicalitics in the Maitai System. 

Hokanui System, — Tliere is evidence of eruptive rocks belonging 
to tliis date near tlic Hnrimii Plains, where the river Mandamus 
cuts through a volcanic region in which ash-}>eds and lava-streams 
are inter]»eddcd with slates containing remains of plants f. 

Waijjan Systrm, — In the South Island extensive eruptions of 
white or light-coloured (piartz-rh} elites and dolerites, the latter 
now oft ('ll altered into melaph}res, took place along the western 
margin of Uic (.aiiterliur} jdaiiis at the Malvt'rn Hills, Alford Forest, 
Mt. Soiners, and (lawlcr Downs during the dcjio.sition of the older 
rock?) lieloiigiiig to this system t. Quartz-rhyolites of the same 
charact(‘r form the base* of tluM\esterii portion of Daiiks^s Peninsula, 
but the rest of this volcanic system is ot later date. On the west coast 
of the South Island basic volcanic rocks occur at Paringa and other 
places south of llnice l»a} , ^Nhieh ma} belong to the Waipara System 
or to the next §. In the North Island volcanic rocks, said to be of 
this age, occur on the east coast of Wellington, at Red Island, south 
of Capo Kidnappers j , and pi'rhaps near Castle Point 

Oinnaru System, — In the South Island basaltic rocks arc inter- 
bedded with si'dimentary rocks of this system at Oainarii Cape** * * §§ ; 
atCulvordeii, and at I’ahauft on the north side of the TIurinui Plains. 
In the Trelissick basin on the Waimakariri, beds of volcanic tuff 
overlie and underlie a limestone cotisidcn'd to he the equivalent of 
the Qtotara stone JJ. At Limestone Rlutf and at the Two Brothers, 
on the south branch of the River Ashburton, a ‘‘ Palagoiiite tuff 

* Cox, liep. Gool. Siir\. liS7J-78, p. 47. 

t llaust, Kop. Geol. Hurv. 1870^71, p* 4(i, and Hutton, Bop. Gcol. Surv. 
1873-74, p. 34. 

Hnost, Bep. Geol. Sur\. 1871-72, p. 12, and /. c. 1873-74, p. 7; Hutton, 
Bop. Gool. Sur\. 1873-74, p. 40 ; Daintroo, Trans. N. Z. Institute, vii. p 458. 

§ Cox, Bep. Geol. 8ur\. 1871-7t>, j>. 8; lluahl, Geol. Canterbury, p. 302. 

I M®Kiiy, Bei». Geol. Surv. 1874-70, p. 45. 

^ M®Xay, 1. c. 1874-70, p. 50. ** Geology ol Otago, p. 56. 

t1 Bep. Geol. Surv. 1873-74, p. 40. 

M®Kay, Bep. Geol. Surv. 1870-80, p. 00. 

§§ Hoast, Geology of Canterbury, p. 313. 
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occurs^ whioh^ while agrtieing well in ultimate analysis with s|X)ciraen8 
obtained in other countries, does not contain any palogonito visible 
to the naked eye. 

The andesites and trachytes forming the centre of the Dunedin 
volcanic system are interbedded in the iieninsula with sedimentary 
rooks, probably of this age ; but the later eruptions of basaltic rocks 
which surround the andesites may belong to the Paro6ra System*. 

According to Dr. von Haast, the results of whose extensive re- 
searches on the structure of Banks's Peninsulaf I can in great part 
confirm, there have been here, in addition to the quartz-rhyolites of the 
Waipara System already mentioned, three periods of activity. To the 
first of these belong the caldera of Lyttelton, Little River, and Akarda, 
in which the lava-flows are chiefly augite- andesites + and occasiont^y 
trachytes. The dykes are cliiefij' t raehy tea, but occasionally augite- 
aiidesites, and at least one is rliyolite §. To the second p(*riod belong 
3rt. Herbert and Mt. Sinclaii*, whicii are formed of andesites, but 
without any vi^'ible dykes. To the third j)ori(Kl belongs only (iuail 
Island in Lyttidton Harbour, aLo comjH^sed of and(‘^ites with dykes 
of trachyte (?). The first and seeond of these periods of eruption 
are quite evident, and both appear to have been <'ntir(*ly subaerial 
in character. 7'here do<*s not, h(»wever. seem to be any means of 
distinguishing the third from tlie second period, and it is comj)ara- ’ 
tively iiisigniticant. Tiu* quartz-rhyolites had suffered severely 
from denudation, and thick beds of sandstone had been formed by 
their disintegration, In'fon* the more basic eruptions took place; 
consequently we may consider tlicse latter as younger than the 
Waipara System. On the other hand tin* whole liave suffered too 
much from denudation to allow us t(» ]»ut any of tluan later than 
the Paredra System : and as both [»eri(K]s of eruption wen* subaeriiil, 
we have the interval between the Waipara and Oainaru S\stcims or 
that between the O miaru and Pared»ra Systt'ins to choose between. 

1 think it probable that the eald(‘ras of L\ttelton and.Vkarda belong 
to the Oamaru System, but ^It. Herbert may belong to the Taredra 
System. 

In the Xorth Island tin' trachytes (?) of Hick’s Bay, near the 
East Cape, are di^tim-tly o\erlain by beds of t)ie Tawliiti S(*ries||, 
and they may tlierefore belong to the Oamaru System. 

Paredra Syntan. — In the South Island Ijasalts and basaltic tuffs 
are interbcd(l(*d with rocks of this system at Hi. C’ooksoii, north of 
the Hurinui plains. Tlie basalts of Hoi'raki Peninsula are clearly 
seen to overlie a Paredra cla\ (the Onekakara clay of Hantell^), 
and as they have undergone great denudation, we cannot jmt them 
into the Wanganui System, The volcanic rocks of Timaru may also 

♦ G-cology of Otago, p. T)f>. 

t Geology of Canterbury and Westland, p. *^"24, and Trans. N. Z. Institute, 
xi. p. 495. 

J For the knowledge that these rocks are andesites I am indebted to Prof, 
G. H. F. XJlrich, who has examined them inieroKco]ncally. 

S Ulrich. II Cox, Ri‘p, Geol. Suit. 1876-77, p. 112. 

^ Geology of Otago, p. 61, 
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perhaj)s be placed here. No trace of a scoria-cone nor of a tuff-crater 
exists anywhere in the South Island ; all the volcanic rocks, even 
Banks’s Peninsula, which is 3000 feet high, appear to have sttffered 
from marine denudation. 

In the North Island volcanic ash beds and andesitic breccias are 
found associated with the Waitemata Series near Auckland ; and the 
trachytes (?) of Whangarei, the Great Barrier Island, and Coro- 
mandel are no doubt of the same age. Fossil wood of Podocarpivm 
dacrydioides^ Png., was obtained by Dr. Hochstetter from the tra- 
chyte tuffs of both the Great Barrier and Coromandel ; and from the 
much decomposed basaltic rocks behind Drury he obtained wood of 
Nicolia zeJandlm, Ung., which was also found in the Paredra gravels 
of Moutc‘re llill^ near Nelson. On the Great Barrier Island the 
trachytic cone of Ahumata, 1 '>00 feet high, still retains a well-marked 
tuff crater as also docs Arid Island t. 

The andositc'> and gold-bearing propylites (?) of the Thames may 
be of the sanir age, or they may possibly date back to the Oamaru 
System : but w e have no evidence that any andesites in New Zealand 
are older than the Oamaru System §. A piece of carbonized wood 
impregnated with iron pyrites, ])ut showing plainly annual rings of 
growth, was obtained from the gold-bearing propylites in the “ Maid 
of England claim ||. 

Waw/a^ivi System . — There is no trace of volcanic action having 
taken place in the South Island during tliis period or later ; but in 
the North Island, on the western side of the main range, volcanic 
eru})tioiis on a largo scale occurred from tlio commencement of the 
Parebra and are even now not quite over. At Mt. Egmont in 
Taranaki the* first (‘rii])tions, perhai)s of Parebra date, were trachytes 
containing (according to Zirkel) both sanidine and oligoclase, and 
are much like some of tlie rocks of Banks's Peninsula. These were 
succeed(‘(l by doleritos and basalts. The bases of Iluapehu and of 
Tongariro also app(‘ar to con‘<ist of trachytes, but here the later 
eruptions have been dark-coloured rhyolites and pumice. These 
siliceous eriqdions ap])e:ir to have commenced during the formation 
of the uj)j)cr part of tln^ Wanganui System (Kcreru Series), for no 
pumice < )ceurs in th<* lower beds. Bliy elites are extensively developed 
round Lake Taupe, and in the Hot-spring district. In the valley 
of the Tbanu's it a^qiears that tlu‘y are of later date than the 
dolerites (? angite-andosites) of Capti bolville peninsula % Around 
Auckland and at the Bay of Ishinds basalts were the only lavas 
erupted. 


» Rep. Gool Siirv. p. 0. 

t I'mns. N. Z. Inst. i. p. 1(»4, lu-w <h 1. p. 108. 

J I am indebted to Prof. Ulrich for the information tliat the rocks called by 
me dolerites, in Rep. Oeol. Surv. ISOS-OO, p. 20, are typical augite-andesites 
According k) Ur. Iloetor they contain olivine (Gcol. Rep. 1808-09, p. 42, no. ix.); 
1 savr none myself. 

§ See “ On the Geological Structure of the Thames Goldfields,” in Trans. 
N.*Z. Inst. vi. p. 272 ; and Cox, Rep. Geol. Surv. 1882, p 4. 

II Rep. Geol. Surv. 1868-09, p. 44. 
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In the neighbourhood of Auckland many scoriu-eonos with well- 
proBerved craters occur at very slight elevations above the sea. 
These are younger than the clays belonging to the Wanganui System 
round Manukau Harbour, and have never undergone marine denu- 
dation ; but some of the tuff-craters, such as Lake JHipuki ou the 
north shore, are of submarine origin. 

Obsidian occurs in mail}' places and is particularly plentiful on 
Mayor Island in the Hay of Plenty. Perlite is found in the Hot- 
springs district: and a finely laminated iliyolite, eallt^d lithoidite 
by Kiebthofen, is found at 'fotara (»n tlie t‘asi *shon' of Lake Taupo 
Tachylyte occurs but rarely. We have no glassy basaltic lava- 
streams, as in the Sandwich Islands and Friendly Islands. Leucito 
has been found in a basalt of uncertain age near (’a^tb* I\)int on the 
cast coast of Wellington t. Anortliit(' occurs iu the volcanic rocks 
of Campbell Island:;:, but tlu' age of these aLo is unknown. The 
only active volcano in New Zealand is Tongariro, and its ('rii[»tions 
are feeble. M’iiite Island, in the U:n of Pit‘nty, appeai-s to Iu* in 
the snlthtaru stage. It lias never been knouni in eruption, and 
there is no aj>pearance ot‘ recent Iiva-streaTiis 

Two interesting sections of volcanoes occur in the s('a-cliffs of tlie 
Xorth Island. I described the one on the west coast, bi'tweeii 
Port Waikato and Paglan, some u'urs ago . The other, which is 
situated at the west head of 'riiinaki Kiver, near Auckland, 1 have 
the late Hr. Heajdiy'.s authority for sa\ing is the same as tin* one 
figured by hini^', and c >])icd into the works of Scroj>e and Judd^*. 
This is the (uily crater near Auckland that is cut completely 
through by a si-a cliff; and 1 (piiti' agrci* with Dr. Iloclistetter tliat 
it is a tuff-crater only, without any lava-stream "t'f. 

Dl^fribt/fio/i of Voh'uiiic Jlncl's //? (h* Xerth Ishiad. 

I havt* alrcjuly ])oiuled out that, judging from tin* rt‘lativc position 
of the Muitai and irokai.iii Sy^tmis, it is ]nohahlc that the ge-anli- 
clinal of Xcw Zealand tlirongh the ccntr(‘ of the North 

Lland from Wimgainii to the Hay of IMtaity. If now we draw a 
line ])arallel t(i this axis from Alt. Kaniont, throimh tlic Karioi at 
Raglan, and on to Arercury Ray in the Coromandel ]»cninsu]a, W(} 
find that to the iiorth-wcNt of tliis line the int(*rjiif‘diatc rocks have 
been followed ]»y laisic rocks (none of wliich arc known south-east 
of the line) witliont any acidic rocks. On tlie gc-anticlinal itself, 
from Kiiajichn to tlie Ray of Plenty, th(‘ intcnmsliatc rocks are 
followed by acidic rocks witliout any traces of basic rocks. To 
the cast of the axis basic rocks occur again on tin* east coast of 

* Hoclifltettcr, ‘Rcisie der Novara,’ Gcol. i. p. 11, ‘J. 

t Colonial-Museum I/ibonUory Rep(>rtH, x. p. 48. 

I Filhol, Comptes Reiidus, Feb. JH8g. 

§ Edwin, Trans. N. Z. Inst. i. p. fu (new ed. ]>. ffi,'!) ; Hector, IVans. N. Z. 
Tnst. iii. p. 278. 

|| Quart, Journ, Geol. 8<,e. xx\. p. l/>. 

•; Quart. Journ. Geok Soe. xvi. j>. 242. ** VolwinooH, p. 105, f. (50. 

t f ‘Rei.se der Novara,’ Geology, i. ]>. 17(5, no. 28, and Map. 
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Wellington ; but these are thought to be older. I have mentioned 
that a lino of granite exposures occurs along the ge-anticUnal 
axis in the South Island, from Paringa to operation Point in 
Nelson ; and the question naturally suggests itself, Are these 
rhyolites of the North Island derived from a northerly extension 
of the granite zone of the South Island ? It seems possible that 
granitic rocks may be nearer the surface here than they are in 
the northern parts of the province of Auckland, and this may account 
for tbo eruption of rhyolites only in the centre of the North Island. 
They may be merely a m-haufffe of Maitai granites of the 
northern part of the go-anticlinal. 

Hor Spuing s. 

Ill the South Island hot sj)riiigb are known only in two places, 
one in the Ilanraer plains, Amiiii county, and the other near Lake 
Sumner, about 40 miles S.W. of the first. In the North Island 
tliere is onl} om* lioi sjiring east of tlie main range ; it is near 
Waiapu, in the Kas>t (^ipe (list riet. Put west ot the main range they 
ar(‘ ver} numerous ; all the more important ones lie in a broad 
hand along the axis of the ^(‘-anticlinal, from the base of Tongariro, 
through Lake Tau])o and the upper Waikato, to Lake Jiotomahana 
and Lak(‘ llotorua, toi’ining one of the most wonderful regions in 
the world. Dr. Hochstetter distinguishes three ])arallel lines 
of springs ; hut it reciiiiies some dotermiiiatiou in the tracing of 
linos to make this out. North of this region the hot springs are 
isolated. I'Ik'v oceui <it Ihipuniii on the Thames, near Lake 
Wliangape in the Lo^^(‘r Waikato, at Waiw<‘ra nc ir Auckland, at 
^lahuraiigi, also near the lia\ ol Islands, and on the Great Harrier 
Island. (ie\s(‘rs, solfataras, fumiiule'^, mud- volcanoes, and springs 
d('|>ositing siliceous sinter are cmifined to Uie central rhyolitic region 
of the A’orth Island. 

The best di'senplion of the liot-sjuing region will be found in 
Dr. lIo('hstett(‘r s m orks. The lte\ . R. Abba) has given a very clear 
c\]>lanation oi the formation of oui sinter tiuTaces Accounts of 
the mineral alei s ]ia\ c* been given In Hr. Skey and by Dr. Hector J. 

Hinekvls. 

An evliaiistiNC list of all tin* minerals hitherto found in New 
/(“iland has h(‘t‘n given by Mr. S. II. Cox§. Among the more 
inter(‘sting are plat iridium, osmium-iridium, hessite, sa2)phire, 
Hiiinel ruby, emerald, tridjmite, nephrite, aud kjanite. No 
diamond lias as }et b(‘en found, A cm ions ]et-like mineral occurs 
in veins, or lining vc'iiis, in sandstones belonging to the Wanganui 
System at One- tree Point, on the west side of Whaiigarci Harbour ||. 
Gold occurs in the Takaka System and in the Maitai System, where 

* Quart Jourii. G(’o]. Stic, \xxiv ]i. 170. For -in a'^couiit of the shape of 
the basin ard pipe of To Tarata, Trans. N. Z. Inst. i. j). 102 (new od. p. 106). 

I Tranb. N. Z Tiist. \. p. 24«T f Handbook of -tNew Zealand, 1883. 

Trans. N. Z. Insl. vols. \iv., xv., and \vi. 

II Trans. N. Z. Inst, iii p. 2jn. 
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penetrated by Plutonic rocks. It is also found, with scA orul other 
metals, in the Tertiary andesites and propylites of the Thames, in 
the province of Auckland. Native mercurj- and cinnabar are being 
deposited at the present time by hot springs near the Bay of 
luands*. Silver, copper, antimon}’, lead, and sine have been 
found in several places, and hspmatite occurs in abundance at 
Parapara, near Nelson, in rocks belonging to the Tdkaka System, as 
well as in many other localities. 


DiscrssioN. 

Mr. Redman called attention to some beaches on the east cojist 
of New Zealand, and discussed their mode of formation. One, the 
“Ninety-mile'’ Beach, is really IdO miles long. The southern 
leeward drift is resultant from north winds* i>revailing as two to one 
over south winds. 

* Trans. N. Z. Institute, iii. p. 
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24. On the Granitic and Schistobe Hocks of Northern Donegal. 
By C. Callaway, Esq., D.Sc., F.G.8. (Read March 11, 1885.) 


0<m'TENT8. 

I. The Granite. 

1. State of previous Ojjinion. 

2. The Granite rromontory. 

3. Ih'ltttioDfl between the Granite and tlio adjacent Schists. 

Section in Bamesh'i^ 

Section on liougli CJreenan. 

Section soutii of C'reeslough. 

Section north of Dunlewj Church. 

Ground round JJunbeg. 

Granite of Dunntf Jlead and Malin Head. 

4. The Foliation in the (iranite. 

Arguments for tlie Metaiiiorphie Origin of tlie Granite. 

Objectioiib to the Metamorpiiie iHpothesis. 

Posbible Kxjiianatioii-n of the QneiSbic Structure, 

II. The Sehi'i^toHe Koek^. 

Section Irtim Londonderry to Bimaff Head. 

Hruinuhoi Quiirr\, Londonden-j, Cashel Hill, Shore north of 
Fulifin, Bimcrnnd Bn\ toBalJjuarr} Bay, Ballyiiarry Bay to 
Hiinaft' Head. 

Section troin IMnhn to M dm Head. 

Section between Croagh and Horn Head. 

Sectuu from Luulowj to Bunbeg. 

III. 1‘njof of Lateral Thrust . 

my pa])cr ^ on “ The Age of the Newer Gneissic Rocks of the 
Kortluu’ii HiglilainK,'’ I Migge&ted that a study of the old rocks of 
liclaiid would jiruliabl} aid in connecting the Scottish types with 
those 01 South Britain; and, in the summer of 1SS4, I visited the 
north of Ireland to aseertaiii how tar m} suspicion Avas justified by 
the facts. As Brofe^^or J I till had announecd the discover}’ of 
Lanieiitiun gneiss in the same area, 1 included the relations between 
tliis group and the vsehists in my investigation. A continuance of 
stoimy weather ])icv<‘iited the coiiijdetion of my plans ; but 1 ob- 
tained satisfaclor} jiroof of the Jiature and relations of the chief 
granitoid mass, and collecled jiartial material for the study of tlie 
schistose rocks. As tlie result of a month's work, 1 came to the 
couclusion tliat the belli^tose rocks of Northern Donegal were sepa- 
rable into two groups, and that the so-called “ Laurentian was 
merely a mass of granite intrusive iu the older of them. 

The Ihesident (IVofossor Bon ney), with his usual kindness, has 
examined fifty-five inicroseo})ic sections of Irish rocks, and he 
2 )ormits me to use at luy discretion the rough notes which he has 
furnished. It is to be regretted that pressure of other work has 
prevented him from undertaking a more elaborate investigation. 

* Quart. Jouru. Geol. Soc. Aug. li:J83, p. 355. 

aJ.G.S. No.lG2. 
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I. The Granite. 

1. State of previous Opinion. 

Mr. R. H. Scott, F.R.S.*, claims a met amorphic oriu:in for this 

rock. 

Mr. E. H. Rlakof takes the same \i(‘w. 

In a suhsecpient papers ^fr. Scott otters a tlicory ol tlie orij^iii 
of the granite. He considers that all the rocks of the it'gion were 
originally stratified, but that, by subsequent metamorpliisui, some 
of the beds wore altered into granite, some into gneiss, and some 
into other kinds of rocks, without much altering the relative posi- 
tions of the strata. 

The Rev. Br. JIaughton, F.R.S.§, regarded the granites as ‘‘ being 
stratified and not intrusive, and therefore vaiying considerably in 
different localities according to the beds from whicli they have been 
formed by the metamorpliic action." 

Professor Hull accepts the metamorphic theory of the gninite, 
but regards it as of •• Laurent iaii " age; and tlu* schists which follow 
it on the east and west are referred by him totlie ‘‘ Low( r Silurian," 
the structure of the di^t^ict Ixdng. in his view, on the t^pe of the 
Highlands of the north-west of Scotland. 'J his writer agrc<‘s with 
previous obsiTvcrfi tliat th(‘ granite “contains beds of crystalline 
limestone," and that it is “lolialed and };e(Id('d ; and lie adds that 
‘‘the upper hexN which oj-cur along the ''Oiith~easl(‘rn margin arc 
largely inUrstratified with hornblcndic and micacct>us scliisis.'^ 

2. ThI; (tKAMTI: PltOMoNTORY. 

Tlic granite aj)pears in M-veral j>atclies in Donegal. Tin* ehief 
area is a s(|iiarisli inas'* si*nding (dl Iroin its iiort]i-t‘ast(‘rn (‘oiaier an 
arm or jiromontorv, about fourteen miles in length, and in ]»rcadtli 
tapering from six miles to three. Tin* arm Mrik<*s nearh north- 
east. Di-^appearing uiuhr tlie schist near the granite reap- 

pears in Bun. iff Head, and again iu Maliii Head. Tin se outlying 
patches an* precise]} on llii* n(»rth-easterl\ j)rolongation of tlie strike 
of the promontory. There is distinct foiiation in the promontory; 
but 1 am not aware of any iu the main mass or in the outlying 
patches to the north-cast. Tliis iiromoutory will tlicrtibre receive 
our chief attention. 

3. Relations betw^een the Granite and the adjaci.nt Schist.s. 

The evidence for the sedin.entar} origin of the granite adduced 
by Prof. Hull, agreeing, as it did, with the obsiTvations of previous 
observers, left me in little doubt that 1 should find tlie old gneiss iu 

* Journ. Geol. .Soe. Dubl. vol. ix. p. 285. t Ihid. i>. 

I R<jport 13rit. Assoc. I8U1. • i • — ^ • 

§ Quoted in the ‘ Memoirs of the Geological Survey of Ireland and 114, 
p. 9). 

II IVans. Roy. Dubl. Soc. ser. 2, vol. i. (1882). 
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Donop:ril. The revelation made by the rocks themselves was both a 
suri)ris(' and a diHap])ointmcnt. 1 have visited I'rof. Huirs most 
eritieal .sections, and some districts not described by him. 

1* 11 ^. 1 . — Section in Baniesherf Gap and on LowjJi Qreenan, 


B.B. 

Crockmorc. Loa|»h Grer*naTi. Lough Salt. 



O. Granite. Ms. Mica^schist. 

L. Limestone. Hs. Hornblende-schist. 


Section in Barnesher/ Gap (fig. 1, north-west end). 

It was in this wild ravine, near a wooden barrack erected for a 
])()dy of sol(li(T«> appointed to protect a cottage opposite, that I first 
touched the granite. The rock surfaces on each side wore well 
rounded by ice-action, and the colouring and weathering suggested 
sonK* l»its ot llt‘]>ridean scenery in Scotland. The first blow of the 
hamiiK'r de.st royed my preconceptions. The rock was grey in colour, 
uniform in te.xture, consisting ot a well-crystuUized, coarse-grained 
aggregate of (]uart/, black mica, and felspar, mostly orthoclase. 
There were no .Nigiis of bedding, and, but for a roughly linear 
arrangement of the mica, I sliould have declared I had before mo as 
tyjiical a granite as 1 bad ever seen. 

Towards the junction with the schists at the south-eastern end 
of the (laj), the granite grows lighter in colour and less coarse in 
grain. At tlie entrance of the gorge we reach the important part 
of the section. ^la^ses of schist lie between masses of granite, and 
at a hasty glance the two appear to be inlerstratified. I first came 
upon a thin hand of wcll-erystallized mica-schist, dipping at a 
moderate angle to tlie .south-east, with granite on both sides of it. 
A little farther on, I reached horiihlendo-schist, the hornblende 
(consisting of small black sparkling crystals) predominating over the 
quartz. This rock at first was rather ]m/.zling. It had no regular 
dip, but rose vertically like a dyke, with irregular sides, as if it 
had thiekenod abruptly downwards. But this diorite-like mass was 
distinctly foliated, and 1 at first thought that I had before me a 
case of pressure-foliation in an igneous rock. The foliation, how- 
ever, was not parallel to cither of the margins of the mass or at 
right angles to the direction of the thrust which had contorted 
the region, but sloped at a medium angle to the south-east, in 
accordance with the prevailing dip of the schists outside the granite. 
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Grey orthodaso granite api>eared on the other side of this schist, 
and fifty yards furtlier on J came to a second mass of hornhlende- 
schist, succeeded by several others separated from each other by 
granite, which sometimes penetrated the schists in veins. The 
granite between the fragments of schists was similar to the variety 
at the barrack, but was les^ coarse, and a lim‘ar arrangement of 
the mica was not apparent in it. The last rock seen in this traverse 
was a glistening mica-schist, which st*emed to lie outside the 
granite. 

From this examination it appeared to me perfectly clear that 1 
was on the margin of a mass of intrusiv(* granite. This rock, 
homogeneous in texture and cornjxhsition. lay ))etween irregular 
fragment> of scliist. wliich di>j>la\ed a foliation-dip to tb(‘ south- 
east. The mica-schist being very lisr^il«\ the granite had ])asse<l uj> 
folialion-jdaiK'S ; but I lie horii])leiKlo-.seliist is viu y lough and eniu- 
parativeh non-tis>ile, so that the ]^lane^ ot lea^t resist ain (‘ an* pro- 
bablv joints. Theiv ^va'^ not the slightest indicat i<in of a m(*lting-u}) 
of tile schist, the uni‘s of junction iK'iiig (|uito sharp. Hut if a 
general fu>ion liad taken place, soiiu' of the hornhl(‘n(le-‘'c]iist min^t 
have undtrgaie the j)ro<‘e*'S ; for it ^ loliat ion-planes end ahru]»tl> 
against tlie granite. We can Irudh believe, how c\er. that a rock 
which is iieai'h all hornhlcnde could have licen mi'lled ti]) intf> a 
highly acidic granite. Tie* bdiation in tin* granite 1 w'ill discuss 
fiiithor on : and will siiiL]>Iy nanark Ian* tliat, on thi* m(‘tainor]>hic 
]iy]>othesis, it is siTigular tor graniti* in ina^s to he toliati'd, while 
the narrow' bands between the scnisi-fragni(*nts sliow’ no trace of 
foliation. 

Section On Lotiffh GciCnan ttig. 1. ^outlecast ( iid. ]>. 

Lcanng the Gap. I now' struck to tlie iiorlh-i'ast along lla* eastern 
slopes of th(‘ granite mass of Oockmore, and in om* jdacc i-olieeted 
beautiful hand-sjjecimeiis showing the contact between granite ami 
scliist. 1 tlu'ii att,ick«d the seaip which overhang'* tlie pu^s at the 
soutli end of liongb (irecnaii. Tlie lows st rex k s( (ui was lioiiibhaide- 
schist, witli a mode rate S.S.K. di]», o\eilain by a lead-colourect. friable 
mica-schist. We next eonag alter a short interval, to a band ot 
]>lue compact limest<»iie, slightly micacciais, di]»ping K.S.K., juis.sing 
under hornb]ende-schi->t. tbe>o strata fonaing tlio ste(*j> (‘scarjnncnt 
overlooking tlie south-eiistei a side of Lough Greenan, and being 
surmounted by the <juartzit(‘.s and associated strata w'hieli rise into 
the steep hills overhanging the eastern margin of Lougli Salt. 

Prof. Hull places an un(*oiiformit\ heUveen Die lead-colon red 
schist and the limestone, ass’giiiiig tlie former, with the nndcTlying 
hornblende-schist, to the Laurenlian, and the limestone and asso- 
ciated rocks to the Lower Silurian. Tliere is ceilainly a discordanci*, 
as is indicated hy the dips in my section : but sucli local variations 
of strike occur too often in this and other disturbed regions to 
justify so important an inference. The strike in this district, a 
little further from the granitx), is to the S.W., and therefore not 
agreeing with cither of the strikes in the section, but coinciding 
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with the trend of the schist within the granite of Barnesbeg Gap. 
The lithological evidence is decidedly against the creation of two 
formations. The hornblende-schist of the so-called Laurentian is 
specifically tlie same as that above the limestone, and cannot be 
distinguished in hand-specimens from rocks on the other side of the 
granite, near Creeslnugh, which arc placed by Prof. Hull in the 
Lower Silurian, 'fhe hvid-coloured schist, too, may be matched 
over and over again in the 8up])osc(l newer series on both sides of 
the granite promontory. It sliould al^o ])e observed that these 
Hcliists, Ijornblendie and mieaceoii-^, are tinc-frniincd and thin-hedded, 
thus <|itrcring widely from the massive* irnekses of the Laurentian, 
whethfT in S<*i>tljind, the Malvern Hills, or th(‘ Wrekin. On the 
whole, I i'iin m'O no r<‘a^oi) f>f an\ ^ro'ioiLs wei^j^lit for separating the 
schists in or near lh(‘ granite from th(' ordinai-y seliistose rocks of 
the region. 


Fig. 2. — Sectioti Westf of Croar/h. 

K W. F E. 



S(,‘( oti wc'^f of (\' 0 (((fli (tig. 2). 

Coming to the wi'stmii side of the granite promontory, wo find a 
second junction between tb(' granite and t]\e schists on the main 
road AM'st of Groagh Hill. The breadth of the granite, where it is 
crossed h} tlu' road through llai-iiesbeg Chip towards Crecslougb, is 
aliout tliree mib's. Appioaching tlie western margin of the pro- 
montory from tli(‘ east, wo o])ser^e that the foliation in the granite 
lieeoines very inark(Ml. In one spot tluTo is a clear dip to the S.F. 
at ^0°. This rock is mainly composed of felsjiars, one of which is 
orthoclase, ami black mica. The foliated struelnre is seen, not only 
in a linear arrangement of the mica, Init ab’o in a distinct striping 
of light and dark bauds, corresponding in direction with the strike 
of the mica, the dark colouring being due to the abundance of that 
mineral. 

A few yards boAimd wo come to the junction. The rock next to 
the granite is a Ihin-bedded, tlaggy. schist, eoiitaining a whitish 
mineral, which Prof. Honne\ is di^jmsed to think hornblcndic. I 
would suggest tint the occurrence of this mineral maybe due to the 
])r(*sencc of granite in the vicinity of limestone, of which there arc 
signs near at hand. A granitoid material is also seen to penetrate 
a rock which Prof. Bonney (‘onsiders pyroxenic. 1 am inclined to 
regard this as a case of intrusion of granite in limestone, with sub- 
sequent chemical reactions. In Prof, Bonney^s opinion, some of the 
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f(‘lspar has probahh' boon coii- 
vortod into saussunu*, a clnmgo 
wliich would, of con I SO, suj)i>ort 
my suggest ion ; but he does not 
consider that the slide examined 
by him displays e\idene(‘ of a 
junction, llnwever, I leavt' my 
hint to be confirmed or refuted 
by further observation. Fxce]»t 
in the immediate vicinity of the 
granite, the rocks are ordinary 
mien-schists, at first dipping 
away from the granite, and tlion 
bending up to the iX.N.W., in 
accordance with the usual dip of 
the rocks west of the promontory. 
These schists are also cont-orted 
on a smalltT sr‘ah‘, and peiudrated 
])y veins of quartz and a coarse 
. granite. The section thus ap- 
3 pears to furnish anotlier exainjde 
of the intrusion of the granite. 

. . 

« Sictloii In ih( road nurth of l)un- 
^ Uunf ( I*rvttsiant) Church 

-y This locality is .also at the west- 
= ern margin of the granitt*. hut 
s-J ten mil(‘s further soutli. ('om- 
mencing east of the road, wh(‘re 
it begins to turn round to tlie 
north, we h'ave tin* granite, 
\\hi('his (•oarsel\ cryslalline and 
unfoliated, and, on tin* other side 
of th(‘ road, come to mica-schist, 
containing a mineral w]ii(‘h 
l*rof. Jlonney thinks may be allied 
to kyanite, and In* agnvs with 
me that this mineral ma} ho the 
result of conta<*t-alteration. I'his 
rock di])s north-uest(*rly, and is 
folloAV(*d ]>}■ (jUartzose schists 
highly contorted, ainl ]>enetrated 
by a vein of tinf*-grai ned granitoid 
rock. Tlxui follow in succ(*ssion 
friabh* schists, a thin hand of 
limesloiH*, and 1 (‘ad -col cured 
mica-schists, repcjited again and 
again hv folding and fracture till 
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we conH‘ to the Erriga] qiiart^zile. The secondary contortion is at some 
points N f*ry great, and Iho numcTons disturbances render the reading 
of tlio ground somewhat perplexing. The schists and limestones 
ar<* i)(Mi(‘trated by several quariz veins and a dyke of dolerite. 
Simihi? schists, es])ccially thf‘ quartzose and lead-coloured varieties, 
occu]>> much of the ground as far west as the sea, and ciy^stalline 
limestone also occurs near the coast. In fine, 1 can see no reason 
w^hat(‘ver for se]»arating the schists east of Errigal from those to the 
west, and assigning the former to the Lauren tian system. There 
may bo a fault between the Dunlewy schists and the Errigal quart- 
zite ; but this does not afford sufficient ground for evolving a second 
formation out of a section which, from Dunlewy to the Atlantic, 
displays alk'mations of similar rocks. 

The three sections thus described supply the main evidence which 
has been relied upon for proving that the granite has resulted from 
the metamorphism of sediments, that it is associated with certain 
schists and limestones, 8U])poscd to be of the same ago, and sepa- 
rated by a fault on fht* west and an unconformity on the east, from 
similar schi'^fs and limestones which have been called “Silurian.” 
The facts jidduccd by me a]>])car to favour the hypothesis that the 
schists on both sidt*^ of tho gianite are of (approximately) the same 
epoch, and that th(‘ grnnib* has b(‘eii intruded as at) igneous mass. 
Eurth(‘r evidcjca* ot the igneous origin of the granite is supplied by 
tlic descriptions which follow. 

Gro^tmf round Bunheg, 

At Dunlewy (tig. .S ) tlu^ v estern margin of the granite turns round 
and strike*^ to the tor '»**TtTal miles; Imt towards the coast the 
granite projects to tin' north in a set'oiul tongue, near the base of 
wbicli Ihinix'g is situated. The rock about this village is coarsely 
cryNtalliiM*. and. so tar as I could a^ceitain, di'stitulo of foliation. 
8(‘veral masers of qti irt /-schist, "'ome ol, ])crhaps, an acre in area, 
otln'Fs mere liand-^pe< iinon'». are immersed in this granite, which 
also s<'nds veins into the >rhist. and sometimes overlies it. Lime- 
stones aKo tu'ciir, and have undergoiu' great alteration iK'ar the 
igneous rock. A very intcri'sting eombination of facts is seen in a 
low, flat -t<q>ped elevati<in, situnt* d near the “o'’of “Bunbeg”on 
the Ordnance Ala]). The western escarpment presents a face of 
hedded limestone, highly crNstallinc and verj’ full of garnets, some 
seams being crowded with large, well-formed, hrownish-red crystals, 
while others consist of garnet-rock. The hed at the base of the 
section, in ])resuined ])roximi1y to the granite, is a mdaage of 
minerals, amongst wliieh Prof. Bonney recognizes garnet, more than 
one mom her of tin* liornhhmdc group, and ])crha]>s staiirolito. 1 
have little doubt that tlu'se minerals an' ])roduccd by the contact of 
the granite, llock is covered l)i't\\een the liiuevstoiie and the eastern 
end of the moniiculo. Hero quartz-schist ero])s out in a low cliff*, 
at tlic t<op of which a vein of granite is very clearly seen to pene- 
trate and overlie the schist. As the limestone and schist both dip 
at a low easterly angle, there is probably a fault between them, 
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and this weak point may have permitted the intrusion of the granite. 
The schists of this locality have usually an easterly dip, and are 
frequently intensely contorted. 

That this granite is intrusive is perfectly certain, and there is no 
doubt that it is continuous with the promontory of gneissic granite. 

Oranite of Ihmaff Head amf Malin Head, 

South-east of Dunaff Hoad rock is well exposed on the flat bare 
shore. For some miles to the S.E. the region is occupied by quart- 
zite ; but north of Leuaii Head granite com(vs in, aj)poaring amidst 
the quartzite in irregular masses and sending out veins. On the 
same strike, to the granite is oxjwsed on the south side of 

Malin Head, and is clearly intrusive in the quart/ite of tht‘ disirict. 

Prof. Ponney has examined niieroscoj)ic s(‘clioiis of granite* IVoni 
all the localities described, except the last, and lie is of opinion that 
they exhibit traces of an oricrinal igri(‘oiis structure, which appears 
to have been much modified at a later time.*’ 

4. Tnn Foliattox in xnn (fiiAxiiE. 

It seems to have boon generally a'<sumed that the ])rcsonco of a 
gneissic structure in a rock is a e<‘rtaiii ju-oof of its inetaniorpliic 
origin; but this ojunion has never hem justifi(*(l by facts. There is 
no a priori reason why an intrii4vc itriUMius rock siiould not he toliatf'd. 
Of Iat<‘ years ha\(‘ anpiired larirer view** of the ellcet') pioduml 
by pressure. A lateral fona* whicli louhl thiaist n'gional m.is>cs of 
Hebridean gneiss over ne^^ er nuk^ t<i tlie ])r(‘a<lth of a mile, and 
sqiu'cze a north-x\(*>tern into i north-<‘astcrn strike* along a line of 
many miles in length, nia\ ^\elM•e ca])ahle ot ]>ro<lucing a foliated 
structure in a hand of granite somo three or lour iiukN in widtli. 
Certain parts of the Doru^gal irrauite mass aie inc«>iit<*stahly in- 
tru-*ive in the schists. Wlindi view. then, must we adopt : that the 
granite is igneous, with a giieivsic ^iruetuK* suhseipiently hU]>eiin- 
duced : or that it was oiigiuall\ jjuit of a mass of Ixsldcd .sialiments, 
some portions of which have he(*n heated to tin* jioint of fusion? 
As the question is one of eon'-iderahle theoretical interest, a carelul 
review' of the evidence is desirable. 

AnpnndiU* for thr Mittnnorjphiv Oriffin of the (irHuite, 

(1) The (iranite is “ gneissose in charader.’^ 

This fact J hold to be consistent with the igneous tlieory. 

(2) It occurs “in thin h<*ds corros])ondij]g to the bedding of the 
stratified rocks of the district.*’ 

If this means that tlie strike of the foliat(*d granite eorresjKinds 
with the strike of the district, it is sufficient to say that this would 
also be the case on my lijqmthesis. Put if th<*s(* words imply that 
the granite is truly stratified, J rejdy that, in the typical section at 
Parnesbeg Gap, the granite lies hetw'een the mass(‘H of schist, not in 
beds, but with the irregularity of an intrusive rock. 

(3) In the granite oligoclase occurs associated wdth quartz. This 

* R. II. Scotl, Journ. Oool. Soc. J)ubl. vol. ix. 
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would bo hardly possible,” if the rock had been in a “ state of 
Rimpl(‘ fiision/^^ But the fcranite has been in a state of fusion on 
either hypothesis, and yet the ()ligo(}la8e in the presence of quartz 
has declined to pass into a more acidic felspar. Whether or not the 
granite was once stratified rock does not matter if fusion has actually 
been produced. 

But the evidence which Mr, Scott most strongly urges is that — 

(4) “ Far witliin the limits of the granite ” occur isolated patches 
of metamorphic rock, not lying on the granite, hut in it.” 

This fact is in perfect harmony with the igneous theory. Why 
sliould not fragnionts of rock sink do^vn into a molten mass ? Or 
why should not fu'-od niatlor rise up round masses of schist? If 
the granife Wits s(|ucezed up through rocks which were traversed by 
faults and joints, it M'ould proltablv carry up some masses before it 
and become tuitangled amongst others. The former would be the 
first to bo removed by clontidation, so as to expose the subjacent 
granite, ami<Kt which fragments of the stratified rocks would he 
preserved. 

T//e Afff/io/s (ihjtctions to tJo Mi ifnvorphk Hifpofhesis. 

(1) If the granite is simph a metamorphosed portion of a mass 

origijnlly >e(liinrnt.arv. wt‘ should expect to find it graduating into 
the iwljacetit schists and limestones. lUit 1 have been unable to detect 
the J(‘ast evidcin‘(‘ of su<‘b a ]*ass.ige. The numerous junctions lhave 
seen huv<‘ Inam distinct, or there has hc< n a slight welding to- 

gether of the t w<» ro< ks. l’r<d‘. Ikninoy has inicrosco])ically examined 
seetions sehn t(*d )>y me as showing the c(»ntact of granite with schist 
— one from Bunht g, when* the grande is unfoliated, and one from 
Ihirneshog (iaj), in the t<diated region— and he (piite agrees with my 
interpndation. At lluiiheg pieces of schist no larger than a man’s 
hand are immersed in granite, yt their margins are (piito sharp. 
This Hiindy w’onld ])e an ini])ossihility if tliese Iragmonts were merely 
th(' iinni(*lted Kann.mts of a series wldch had undergone partial 
fusion. On the other liand, these appearances are not uncommon 
where igii(‘ons rocks have heen intruded into stratified rocks. For 
example, on tin* same coast, near Horn Head, the diorite at one spot 
is crowded with fragments of contorted schist. 

(2) A nnitorni mass of granite could not have heen produced by 
the fusion of a vaiic'd series of strata, including quartzite, quartz- 
schist, micaceous and liornhlendic schists, and limestones. There 
would siindy la* lainds in the granite corres])onding w’itli the mate- 
rials out of xvliich they wen' iornied. The chemist, too, would be 
curious to know’ how’ gr.Miiite could be ])rodueed by the melting of 
quartzite, or limestono, or Ijoriihleiule-schist. 1 admit variations in 
the granite, hut tlu'segive no 8U])])ortlo the metamorphic hypothesis. 
Thus, the granite of Ihirnesheg Ga]>, associated with micaceous and 
hornhlondic schists, is mainly composed of quartz and orthoclase; 
while in the granite of Dunatf Hoad, surrroiiudcd by quartzite, pla- 
gioclaso predominatoB, and there is a fair amount of mica. 
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Possible Eccjplamtions of tJie Ghteissic Structure, 

There appear to he throe possible causes of the foliation : — 

(1) Plow-structure. The foliated granite may be regarded as a 
huge dyke. As the molten rock was being slowly forced up the 
great fissure in which it lies, its motion would be more rapid in the 
middle than at the sides. This might give rise to a vertical fluxion- 
structure, on which foliation was subsequently induced. 

(2) Pressure during consolidation. 

(3) Pressure after consolidation. This hypothesis may take two 
forms : — 

{a) Cleavage with superinduced foliation. Tlio gncissic structure 
is nearly vertical and as regular a'^ cleavage. We know that rocks 
may be cleaved, and that cleaved rocks may becom(‘ foliated. In 
this case there would be two])eri<)ds of (‘rystallization. the first when 
the granite consolidated, the second when there 'w as a redeposition 
of minerals in accordance with ( leavage-])lanes. 

{h) Pressure-foliation. Prof. Ponney. from microscopical exami- 
nation. informs me that the granites exliihit siirns of great crushing, 
by which the original structure has been ‘‘ much modifi(‘d.'’ 1 have 
already (p. 22^) suggested that the foliation is j)rohably due to 
lateral thrust ; but I am not ]>rei)ared, without a more elaborate study 
of the ground than T was able to give, to ])ronounce an o])inion on 
the exact mode of o]>eration. The evidence for the existence* of the 
required pressure will be more satisfactorily estimated when the 
schists have been described. 

II. Tin: ScnisTosi. Rocks. 

These ma} b(‘ separated into two groups ; — 

(1) Loiiffh-Foi/h Serirs. — Semicrystalline: consisting of quart /oso 
grits ; quartzite with distinct trac(‘s of fragmental structuiH* ; fine- 
grained schists, some of them black; shaly and slaty beds ; cr\st{il- 
line limestone and com])act dolomite. Tsual clij) north-^^cste^l^ . 
Well exposed in thfit part of the Inisliowen ]K‘ninsula ’wldch lies ^^est 
of Lough Foyle. The following extracts from Prof. Honn(‘}'s notes 
will be seen to bo continnatory of the abov<‘ descri])tion : — 
‘^schistose rock might even be a phylJite fiMgmental struc- 
ture still conspicuous;’^ schistose slate ; “ fragm(*ntal structure 
very marked.'’ 

(2) Klhnacrenan Series, — Crystalline: consisting of true quartzit<*s, 
quartz-schists, mica-schists, hornblende-schists, schists ^^itll hydro- 
magnesian silicates, and crystalline limestones. Dip '<outh-(‘astcrly. 
Occupying a large part of the district or baroriy of Kilmacrenan, 
lying to the west of the village of that nann*. Prof. Ronnev, in 
reference to these rocks, writes : — ‘‘ 1 should (juitc agree to the id(*a 
of. these, or the bulk of these, being old rocks. The majority, how- 
ever, do not seem of the oldest typo.” Some* of tin* most tyi)ical 
varieties are described by Prof. lionncy us mica-schist,” “ idem, 
with garnets,” “ idem, witli probably some chlorite or hornblende,” 
“ hornblende-schist,” of “ the Lizard ” type, “ idem, with garnet and 
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chlorite,” “ crystalline limestone, with garnet,” ‘‘ calcareous schist, 
with some quartz and mica.” 

Some account of the distribution and relations of the above 
groups will be given in the following paragraphs. 

Section from Londonderry to Du naff Head (fig. 5, p. 235). 

This lino passes from S.S.E. to X.N.W. across a band of about 20 
miles in breadth, striking to the S.W. The Lough-Foyle series occu- 
pies the south-eastern side of lUe zone, and is 13 miles broad. The 
remainder of the breadth is covered by the u])per part of the crystal- 
line group. 

Drumahoo Quarry (two miles E.S.E. of Derry). — The quarry- 
section is now partly o])S(;ured by debris, and rock is better seen in 
and near the river-b(‘d, whore a fine-grained limestone, 3 fl. thick, 
and some slaty bands, dip K.S.E. at SO*'. Xear tlie water-mill, a 
little lower dow'ii the stream, are fine-grained bluish-grey schist and 
altered quartzose grit, rather contorted, dipping at a low angle to 
the X. W. The schist is of the peculiar type so characteristic of the 
hypoinetamorphic rocks of Anglesey. At "first sight it might be taken 
for shale or slat (‘ : but looking more closely we see the surfaces of 
the laniina? glistcming like the folia of a true mineralized schist, 
d'his view is coiifinucd by tin* microscope. Prof. Eonney considers 
the rock a schist of a late type, in which the fragmental structure 
is still conspicuous. 1 call special attention to this varieh, because 
it predominates throughout the newer Archtean rocks of Ireland, 
wherever I have seen th(‘m. 

Londonderr}, — Near the cast end of the Foyle Bridge there is a 
larg<‘ quarry of normal hypomer amorphic schist, dip])ing X.W. at 
On the west sid(‘ of the river, in the Strand, the rock is a 
qu.artzosr grit , .sej)aratcd into thin seams by folia of mica, and is 
liighly suggestive of the foliated grit '' of Meliu pant y Gwy da*, 
in Angl(‘sey. About two miles north of the city, east of Summer 
Jlou>e, there is a aood ex]>osure of similar schistose grit in a small 
quarry. The beds are puckeri'd into gentle undulations, such as 
might be mistaken for ripple-marks. A mile and a quarter due west 
of this seetioii, in some large quarries on the Buncrana Koad, is an 
extt'nsiv<* exposure of rock which differs from the preceding only 
varic‘tally. The gritty materials, consisting of quartz and felspar, 
are very clearly fragmental. The hchist is very fine-grained, often 
occurring as more* Hakes in the grit, sometimes in regular seams. 
The di]) of the rocks hitherto examined west of Londonderry is 
usually N.N.W. 

C’ashel ]IilL--This elevation, four miles N.AV. of the last locality, 
is the s])ur which tc*rininates Sc{il]> "Mountain on the 8.W. The 
rock is of grit, arranged in thin regular seams, and little of the 
schistosi' mat(Tial is present. The l)edding, a little contorted, ^ps 
X.N.W. at from 30^^ to (>0 . This grit passes down through gritty 
beds with schistose interlaminations into intensely contorted satiny 
schist, in folia so thin that, but for the micaceous lustre, we should 
* Quart. Journ. Geol, Soc. (May 1881), vol. xxxvii. pp. 222, 2d4. 
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call it shale. Some of it is black. Lower down the slope, in the 
quarry west of Burnfoot, wc have grit and black schist closely inter- 
foliated, the folds being relioxed to the S.E. Some of the grii- is 
massive, and its contortion can sometimes only be determined ])y 
observing the behaviour of the associated schists. 

Shore north of Fahan Station. — At Fahan wo reach Ijough Swilly, 
and our section keeps to the easteni margin of this ])icturesque arm 
of the sea up to Dunaff H(‘ad. Rock is well exposed on the shore, 
grits and black schist being still tlu' prevailing t\]>es. Some of the 
latter is still more modern-looking than at (’asliel ilill, and Prof. 
Bonne}" agrees in thinking it is not far rt'moved from ]>liyilite. The 
bods stand at very high angles* to )>otli A.W. and S.K., and arc 
sometimes vortical. The evidonee of lateral thrust is very pro- 
nounced. The strata are not onl\ crumjded into numoroiis folds, 
but in some places arc crushed into masses of angular fragments 
thrown together with their divisional planes hing at all angles. 
This pressure is not evenly di^trilmted. For example, the grit in 
one place is normal, ditiering onh from a Palaeozoic grit in the 
mineralization, entire or partial^ ef the matrix : l)ut at a little dis- 
tance, where the crushing and contortion are more intense, the ]>arti- 
cles of grit are flattoned, and strong folia of a silvery mineral (? talc) 
come in between them, so that the rock a])proach(‘S a schist in struc- 
ture. It is not ditii(‘ult to iindcr-taiul that if the S(juoczing process 
were carried still turtlicr, tin* iragincntal structure miglit be entirely 
obliterated, and a true schist be formed. This suggestive ease is 
not unlike cxainjilcs 1 have already described clsewlnTc** , wdicre the 
thrust of the (’aledonian gneissin Nutherland lias converted (piart/ite 
into quartz-schist. Tlu' overth^l'^t in this locality is to tin* iSWW, 
and the same fact is to be obsoiv(‘d at Biinciaiia, about tw^o miles 
furtln*r on. 

I did not see any lim(*st(»ne in the section bctw'(*en Deny and 
Bimcrana : but the C’uldaff limestone is on the strike of the rocks 
ea^t of Bnnerana, and pieces of it. as well as of a similar variety at 
lilies, n<*ar Bnnerana. have been kindl} furnisbed mv by ^Ir. Ik J. 
Cruise, of the Irish (jeologie<i] ^urv’cy. These limestones an* dark 
bluish-grey in colour, and an* intermediate in degree* of crystallization 
between the Druniahoe limestone and the limestemes of the cr}sta]- 
linc schistose series. 

Between Bnnerana Ikay and Ballynarry Bay. — WT* commence tliis 
part of our .sf*ction at N(*d’s i\)inl. Again w'c come upon the black 
schist. It is hen* associated with a hard (juartzosc grit and a 
quartzose micaceous schiNt. The dip lor some distance is to the 
X.W. at 20 -^10 . The same beds are n*])eated again and again in 
a succession of reversed faidts of the structure re])i*es(‘nt(*(l in tig. 4, 
a bed of grit, underlain by a seam of tlio black schist or ])liyllite, 
resting uneonformably u])on a coarse schist f)>>(‘ rock, dipjiing at a 
high angle in the same direction. Sometimes black schist is wanting, 
and the grit is in contact with the coarse schist. In one place a 
seam of the last-named rock i*^ b(*nt into a series of V-shapod folds, 
* Gcol. Mag, 1>(‘C. 3, vol. i. p. 221. 
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while a bed of grit in contact with it remains uncontorted. The 
grit-bands and coarser schists occupy the shore to Porthaw. Here 
the dip changes S.E., with much contortion and frequent intru- 
sion of quartz-veins. 

Fig. 4. — Thrvst-idatie, 

H.E. 


At Hogarty s Hock the strat a are largely of quartzose grit, tiuartzite 
comes in for thc^ first time, it differs from the quartzites of the 
crystalline series in })reseiiting even to the naked eye evidence of 
fragmental structure in the occasional occurrence of angular grains 
of quartz, i'he strata of grit and quartzite dip at a low angle to 
the and tJaeh bed is sharply cleaved for a distance of several 

inches from the surface inwards. I^^orth of Hegarty’s Hock, the 
succession is clear, th(‘ grit being overlain by the quartzite, and the 
(jiiartzitc by the tine aud coarse schists, the whole undulating at 
a gciitl(‘ angle to the N.W. The beds then lie in a low broad anti- 
clinal arch ; hut the oblique foliation of some of the seams of schist 
])oints to the continued action of lateral thrust. Towards Ballynarry 
Bay the strata begin to rise to the N.W., and the outcrops terminate 
at the sands of the bay in a considerable thickness of quartzose beds 
and thin schistose bands, the whole dipping to the S.E. 

This brings us to the north-western edge of the subcrystalline 
band. AVe have seen that ut the eastern side fine-grained schists 
and schistose grits prevail. West of these wc have more massive 
grits and Ifiack phyllites or schists: aud further west similar types 
ar<‘ again se(ni, a^ftoeiated with (juart/ites and quartzose schists. 
The state of alteration is tolerahly uniform from east to west, the 
beds which t'xhibit tin* least eiy stailizaliou being perhaps the black 
schists, occurring most conspieuouslv in about the centre of the 
traverse. Thi‘ di]) Ix'ing usually to the N.AV. and N.N.W., the 
thickness might seem lo be eoiisiiiei able ; hut there appears to be 
j‘n‘([iient rej>etition by both folding and taulting, the fold.> at first 
being tlirown over to the then to the xS.W., and again to 

the S.E. d'liis altmaiation of thrusts would be explained if wc 
supposed eacli scu ie.s of folds whose axts> dipped in the same direction 
to occupy one slope of a laige luonoeiine. Though the thickness 
of strata may not be great, there is sufficient variation from cast 
to west to show that the same bods are not re]>eated throughout 
the traverse. AVith my scanty knowledge of these rocks, 1 cannot 
say what is the true order of the strata : but I am disposed to think 
tliat the succession rises from west to east. The beds at the western 
margin of tin' subcry stalline band dip away from the metamorphic 
series, but J do not ascribe decisive \s eight to this evidence. 

Between Ballynarry Bay and Bunree Hoad. — The bay is about 
half a mile wide, its soiith-oastem boundary being formed of the 
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rocks just described, while along the north-western side runs a wall 
of strata of the metamorphic group. The only rock which appears 
in the interval is a mass of coarse diorite, which iHojects from the 
sands about midwa}" between the two schistose series. In this line 
of section, then, the two groups are sci)arated b) igneous rock, 
apparently an intrusive mass. 

Continuing the section, we find the beds for the first half-mile 
lying anticlinally, and consisting of quartzites of the older typo, 
quai’tz-schist, mica-schist, and subordinate bands of chloritic or 
talcose schist. We then come in succession to quartz-schist with 
garnets, talcose or chloritic schist, and a considerable thickness of 
quartzose achist. A mass of diorite next appears. Ileyond this is 
a beautiful silvery schist, underlain by a black variety, much more 
strongly foliated than the black schist of the } ounger group. Then, 
for a considerable distance, the prevailing rock is green micaceous 
and talcose schist*^. These rocks T follo^\ ed to u ithin a mile and a 
half of Dunree Head. The dip of most of the above schists is to 
the S.E., and there is frecjiient cojiiortiun. 1 was prevented from 
visiting the section ])eyond ,* but the rocks on the same strike to the 
N.E. and S.W. are (iuurtz-scliists. 

Prom Dunree Head to Dunatf Head. — Dunree Ilt‘ad terminates 
the quartzite range ov(t uliich the pa^s of Mamore is carried. It 
is composed ot cartel ly-dijipiiiir (piart/ite. and the sain<‘ rock tonus 
the precipices inch ON erhaiu!: Lough ^uilh torn(‘aii\ thie(‘ miles to 
the north, and again iqqiears in Leiian Head, malli of N\hieh the 
granite soon comes in, and is continued to Dunati Head. ^Ir. 
Cruise informed me that this lino headland is coni])osod ot grfiiiito 
and quartzite. 

The superficial ap})earauce presented to us by the traverse X.W. 
of Dalhnarr} Bay is that of a considerahle thickness of quartzite, 
overlain b} a great succession ot quartzose, iuicac(‘(uis, and talcose 
or chloritic schists. Tliis series is certainl} quite di^'tinct from tlie 
rocks between Biincrana and Derry. It nowluTe prescuits under 
the pocket-lens, so far as I liave s(*(‘n, an\ ti’acos of a claslii strue- 
ture. The schists aie will foliated. The} do not, indeed, suggest 
the highly crNstallinc rocks of the Hebiidcan s}stem, but tlic\ arc 
on the other hand <'asil} distinguished from the partiall} mineialized 
schists of the Jx)ugh-P()}le serh's. 

It is also to be noted that, wbih* the older rocks dip almost uni- 
formly to the S.E., the di]> of the J.ougb-Fo}le group is north- 
westerly. That this is not a true B}nclinal structun* is evident from 
the great dissimilarity between the rocks of the two sides of the 
apparent basin. 

Section from Mali a to Malin Ueoih 

This traverse is substantially the same as tliat part of Hie last 
section which passes over the older series. Betw(‘ori the \illago of 
Malin and the quartzites of the west coast, a breadth of about throe 

♦ I do not commit myself to a definite opinion on tlio exact mineral nature 
of some of the schists of this region. 




Fig. 5.—Section from Dmiaff Head to Londonderry. (Length about 20 miles.) 
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miles, we have the micaceous and talcose (or chloritic) schists. 
They are freiiueiitly folded, and in addition are intensely crumpled 
in numerous small contortions. The dips are alternately N.VV^. and 
S.E., but sometimes there is more north or south in them. Those 
schists are frequently penetrated by intrusive dioritc. Towards 
Lag, quartz-schist and quartzite come in, and quartzosc rocks are 
found as far west as Malin Head. 

The rocks of Malin Head are on the strike of the quartzites of 
Dunaif Bay, and arc composed of quartzite and quartz-schist. 
They are bent into an anticline, well seen at E>ky Bay. On the 
south side of the headland, I saw a mas> of hornhlende-schist, which 
had apparently been forced up amongst the quartzites by tlie intru- 
sion of the granite. The extremity of the Hoad, which is the most 
northerly point of Ireland, is coinpo^ed ol tlaggy (piartz-schists, 
greatly contorted, plunging vertically down to the \\est. 

Comparing the mica-scliists of this traverse with the similar rocks 
in the last section, we find the alii mating di])s west of Malin 
represented on JiOiigh Swilly b}’ a tolerabl} uniform dij) to the S.E. 
The groat apjiarent thickness of strata on Lough Swilly may there- 
fore be ex])lained b} repetition. 

biCtion bctivtdi the (rraniie of Crowfh an(f the Dioritc of Horn 

Hewl {Dnnfanaiflnf), (Fig. <>, p. 

The mctaniorpliie rocks of JAUigh Swilly and Malin are only the 
upper portion ot jin extensive succession. If th(‘ quartzite of Dunree 
Head be followed on th<‘ strike to the S.W., it is seen to coincide 
with the quartzite ridge of Lougli Salt, where it is underlain 
(p. by schists and limestone. These ar(‘ the lowt'sj rocks east 
of the granite promontory. 

West of the granite of Croagh, wc pass tlirough a succession of 
micaceous and horiihlondic schists, underlain at Lougli >>aU>oe\ Soutli 
by bedded crystalline limestone with seams ot mica and som(‘ (piartz, 
the dips being usually to the S.S. L. at SO . Tlier(‘ is a general 
resemblance bet’VNeeii these ro(‘ks and those cast of tlu' granite, but 
the di]) is much liiglier and is oecasiunally v(‘rtieaL 

At Crceslough theie is an appaient tliickiies', of several bundled 
feet of w(‘lMoliate<l mica-sehist, di])]>iTig conformably ■with the pre- 
ceding rocks. Omitting numerous masses of dioritc, w’(‘ tind the 
following descending succession l)etwe(‘n (Vt'cslouch and tlie coast. 

Stream cast of Berry harriff. — Mica-schist of the lustre and colour 
of black lead. 

South of the 11. C. Chapel at Boocashel.— Similar sehists, dip])ing 
S.S.E. at various angles, some low. 

East, of Chajiel. — t^luartzitc* with low S.S.E. dijj. 

Bridge south of Hally more Cli arch. — Quarry of coarsely crystalline 
massive limestone. Colour white; some hands blue; the former 
sometimes with folia of mica. Dip S.E. at 

Koad north-west of Church. — Quartzite with low dij) or horizontal; 
in places greatly contorted. 

South of Faugher Upper.— Quartzite. 
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Faupher Upper.— Crystalline limestone like the beds south of 
Ballymore. Dip at a low angle to S.S.E., passing below the 
quartzite. Tliis limestone is continued along the road to Dunfanaghy 
for about a mile. ^ 

Koimd Duiifanaghy.— Quartz-schist is almost the only bedded 
rock whi<*h appears below the limchtone. It is well seen in the 
sliore, west oi‘ the town; in quarries one mile to the S.8.W.; in 
Dooms Point ; and in parts of Horn Head. Near Horn Ilgad House 
to the N.N.K., the sehist in a liiliock presents a fan-shaped arrange- 
ment. Klsewhcre tli(' sehist dips at low angles, and is apparently 
contormalde to the Ihnc^toue. 

The a]q)ar<‘nt (h‘.seending succession in the metamorphic series is 
thus auiumarized : — 

1. Micaccou*' Pcbi*'t of Lough 

2. Quart/ito of Ljugh isuilly and Lough Salt. 

3. Scln&ta (^honiblendic and inicaceoubj and limestones of Lough Greenan. 

4. Similar roeks wesl of (‘roagli. 

/). Muja-sfliist of Crc(‘sloiig)i. 

6. i(‘ad-colourfrl sehi‘»ts south ofDoocashel. 

7. Qii'irt-?jre oi J)ouCMsliol. 

8. Cr\stallnie limedione south of Balhmore. 

D. Quartzite IS' W, of JJall^Miiore. 

10. Crjstiilhne Innestono ol FaugJicr Upper. 

11. Quartz-bchi^Ls of Lunlanaghy. 

liave seen (p, 2t‘10) that in Malin Head the granite 
occu])ieb the core of an antklinal fold, with vertical strata in the 
western liinh, as if there liad been a thruot from the east. In the 
last section, too, tlie strata on each side of the granite are similar, 
and the rocks on the west side are neaily veitieal; but I cannot 
vcntiiie >Nith ni} jnesent information to say tliat the same structure 
exists in botli cases, though the matter is one which it would not 
be difficult to detenninc. 

Sectioyi hehveen the Grohhe north of Bunlcivy Church and the 
Granite at Banhcff, 

This section is drawn across the same rocks as in the last tra- 
verse, at a distance of aliont 12 miles to the 8.AV. We are here 
near the ])roadened base of the giaiiitc promontory, and the con- 
tinuation of the b'eds of sehist ol Croagh is apparently cut out 
by it. The following is tlie probable succession: — 

1. T)imlo\^y sehisls . possibly representing the Crecslough series. 

2. Quartzite of Erngal; apparently on the strike of the quartzite at Doo- 

caditl. 

3. Lead-eoloured ‘cellists at Bunanim er Ilridge. 

4. Qiiartz-selnst hetA^eeii Gweedoro Hotel and the western granite, and 

crjfltalliiie JinievStone at Bunbeg, probably on the horizon of the rocks 

round Dunfaiiagliy. 

It is interesting to note that the Dunlcwy schists dip to the 
N.W., that is, in the opposite direction to their presumed equiva- 
lents near Crecslough. This fact illustrates the difficulty, in these 
disturbed regions, of determining the original position of the beds. 

Q. J.G.S. No. 162. s 
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III. Pkoop of Lateral Thrust. 

From the preceding descriptions, it will be seen that there are 
two prevailing strikes in this region, one to the W.8.W., the other 
to the S.W., and that these strikes are found in both grouj)s. 

In fig. 5, the strike of the Lough-Fovle series is W.S.W,, between 
Londonderry and Cashel Hill ; but between Fah an and Hally narry 
Bay it is .S.AV., and this is the strike of the older series right up to 
the granite, and in the granite itself. 

West of Malin the older schists strike sometimes W.S.W. and 
sometimes S.W. ; but in the quartzose series further west the strike 
is S.W. 

In the Kilmacrenan section (fig. G\ the trend is almost uni- 
formly to the W.S.W. from the granite to tlie west coast. 

These observations are corrohorat<‘d by an interest ing section in 
Croaghinore, a mountain W.N.W. of Lettcrkcnny. This ehwation 
trends east and we.^t, in agreement uith the stiike of the strata, 
which eonsifet of strong iniea-schists clipping steadily to the* north, 
witli perhaps a few degrees of uest. ^'ear the summit the schists 
form a low escarpment Im-ing to the south, and tliese scarj)-faces 
display intense contortions, with small folds retlexed to the east. 
These two systems c)f folding inubt have bi‘{‘ri produced by earth- 
thrusts acting in different directions and at different epochs. 

The facts indicated do not siifKee for a eomph'te induction, hut 
they arc enough for my }>ur{>ose. Luring one of the i)eriods of 
contortion, the thrust came from th(‘ S.F. or the X.W., ])robably the 
former. This pressure was ca])a])le of pnalucing the foliation in 
the granite and the south-uost strike in tlie sciiists on its eastc*rn 
side ; for, as we have seen, it was violent enough to Sijueeze hard 
grits into schist-like rocks, to crush strata into masses of angular 
fragments with the divi'^ional jdanes hing in all directions, to pro- 
duce cleavage iu coarse grits, to contort rocks into closely apj)ressed 
folds, to throw over the folds, and s<»metimes to gi\e rise to thrust- 
planes. It was j)ro]nib]y duiing this im])ortant corrugation of the 
crust that the granite was sf|U(*<*zed uj> from below. At any rate, 
the lateral thrust easily accounts for the gnei^sic strneture, which 
may have been in part ac<|uired during tlie extravasation and com- 
pleted after consolidation by a coutinuanco of the pressure, or 
entirely produced after consolidation. 

The production of regional foliation by pressure in the case of the 
Donegal granite may have an important bearing upon the origin of 
the crystalline schists. 

The Kev. E. Hill, F.G.S., has called attention**^ to a gneissic 
structure in the granite of Guernsey and made a similar suggestion 
in reference to some gneisses. 

SCMMARY OF llnSULTS. 

1. The granitic rock of northern Donegal, originally supposed to 
be the result of the metamorphism of sediments, and recently re- 
♦ Quart. Juurn. Geol. Soc. vol. xl. p. 419. 
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ferr^ to the Laiirontian system, is a true igneous granite, as seen in 
its intrusion into tho adjacent schists, in its inclusion of r,'--n n 
and fragments of other rocks, and in its metamorphic action on 
limestone in contact. 

2. This granite is distinctly foliated, the gneissic stmeture being 
caused by lateral pressure (probably from the south-east), of which 
there is evidence in the marked cleavage and intense contortion of 
strata, in tlieir occasional fractured and crushed condition, and in 
the frequent overthrow of folds and overthrust of faulted masses. 

8. The granite is intrusive in a thick group of quartzites, quartz- 
schists, hornblcndic, micaceous, and talcose (?) schists, and crys- 
talline limestones, called the Kihnacrenan Series, These rocks are 
truly cr 3 "stallino, but usually thin-heddod and fine-grained. 

4. The crystalline schists are bounded on the cast by a semi- 
crystalline series, consisting of quartzose grits and itacolumites, 
quartzites, crystalline limestones, compact dolomites, phjdlites, inter- 
laminations of grit and schistose matter, and finely foliated micaceous 
schists. These may be designated the Lowjh-Foifle Series, 


Discussion *. 

Mr. Euiluy remarked that there seemed to be no greater reason 
for surprise at the inclusion of large masses of schists &c. in intrusive 
granite than at the occurrence of small fragments, or ‘‘ liorses,” in 
dykes. In connexion Mith the change of limestone into garnets, 
he iiKpiired whet her the limestone was siliceous or aluminous. He 
also objected to the use of the term “mineralized grit,” and inquired 
what was to be understood by it. lie doubted whether Dr. Sterry 
Hunt’s correlations ought to be accepted in the present instance. 

Yir, R. H. Srorr had hardly exp(*eted his paper to bo exhumed 
after the lapse of twenty-two Avars. He objected to the title of 
Dr. CallaN\ \i \ 's ]»aper : it should haAV been on part of the north- 
west of Donegal instead of on the whole county. Tho granite of 
Rarnosmore was of a difl’erent type from that of the district 
described in this ])ai)ei\ ^^hic]l is similar to that of Argyllshire. 
When he had work('d upon those granites microscopic examination 
of rocks was not so well understood as it now is ; and he could not 
invcstigat (5 the rock thoroughly. He had not assigned any parti- 
cular age to the granite, and he had expressly alluded to intrusive 
veins, though he considered the rock to bo metamorphic. There 
were similar beds north-west and south-east of the granite in the 
north, showing a ]>os8ible anticlinal. Ho remarked that Dr. 
Callaway would find work to do in the south of the county 
and eastward in TjTono. There are similar altered rocks through- 
out this region, passing on to fossiliferous beds. There arc two 

* Portions of this discussion relate to certain views, as to the correlation of 
tho rocks described, wliicli were put forwanl at the conclusion of the paper, but 
which wore Bubhoquently withdraw n by tho author. 
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types of granite in the main granite district, one with two felspars, 
the other white like an el van, and containing sphene. This latter 
appears in the island of Arranmore. There is a totally different 
granite further south, near Barnosmore, and that does not exercise 
metamorphic action on the neighbouring rooks, lii conclusion, he 
inquired, What relation did the beds in Wexford bear to the Silu- 
rian near Enniscorthy ? 

Mr. Teall said that the two portions of the j)apcr struck him 
very differently. The first portion evidently contained a very in- 
teresting record of carefully observed facts, the second portion dealt 
with the correlation of the schists of the district with those of other 
localities, — the only evidence for such correlation being a certain 
lithological resemblance, lie was extremely sceptical about the 
possibility of determining the chronological relations of such rocks in 
this way, and believed that some of the characters relied u])on were 
merely structural and mineralogical pe<*uli{irities, dejiondent upon the 
mechanical actions which detormine regional metaniorphism. The 
eruptive origin of certain foliated rocks had been ch‘arly established 
by Darwin, Forbes, Kjerulf, Lehmann, and many other observers. 
The develoj'ment of micaceous minerals in connexion ^^ith regional 
metamorphism was a eomtnon feature; and iu* especially referred to 
the gneisso^e fiagstonc") and associated sehi>ts of the north-west of 
Scotland. The mica in these schists appeared to ho dovelo])ed at 
the expense of feLpar. In s(»me cases ‘‘e\cs” of felspar remained, 
while in the more perfect schisl?. these weie almost if not entirely 
absent. A quart z-feL]»ar j»rit, such a^s the Torridon Sandstone, if 
subjected to regional metainorjdiism, miglit thus ])e readily con- 
verted into a miea-sehi.'*t, and he was* strongly inclined to think 
that some of tlie eastern schists had been madei in this way. 
The Loiigh-Fo)le and Kilmacrenan seiies of tlie author w<Te 
evidently the result of regional nietamorpliism, and possih]}’ many 
original groups had been involved in the action. 

Mr. Blaxfori) mentioned that some interesting evidence had 
recently been brought forward by Colonel Mahon, showing that 
ceitain Himalayan gtieisscs were intrusive. If tin* dillerences 
between the Lough-Fo}le rocks and tin* I'ehidian of St. Davids were 
Buch that these two could not Iiave been id<*titified by mineral 
characters unless connecting links liad occurred in Wicklow and 
Anglesey, was it not absurd to endeavour l(» identity cillicr of them 
with beds in North America? The determination of the age of 
rocks in distant countries by mineral characters liad formerly been 
applied to sedimentary beds, then to igneous; it had long boon 
abandoned in the former, and xvas gradually being given uj) in the 
latter, and there was much reason for caution in upjdying the same 
key to ancient altered formations, the succession in which was often 
very obscure. 

Mr. Mark considered that, in order for tlie correlation to bo 
safe, the Pehidian must be traced across ; but vulcanicity continued 
up to and throughout Cambrian times, so that (Jambriau rocks, if 
altered, would be undistinguishable from the Pehidian. 
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The Pbesioent said that he had been unable to examine the spe- 
cimens in minute detail, but had carefully looked through them* 
Of the so-called granites, seven out of eight were certainly, and 
the remaining one probably, granites. They gave indication of 
considerable crushing since their first crystallization. Of other 
rocks there was good evidence of two series, one agreeing in 
general characters with Scotch schists, the other with the Pebidian 
of Wales. He doubted Mr. Teall’s evidence of the production of 
all schists by crushing. As regards mineral character, he thought 
that the general condition and amount of alteration of rocks, rather 
than their actual mineral composition, should be employed for 
correlation. 

The Author, in reply, suggested that the production of the 
garnets in the limestone might bo due to a chemical action of water 
from the granite in contact. He regarded a grit as “ mineralized” 
when distinct mineral folia had been produced between the grains. 
The omission of the word “ Northern ” before “ Donegal ” in the 
title of his paper was an oversight, which he would correct. He 
had not attemi)ted to definitely correlate the Donegal rocks with 
any American system, but had merely pointed out certain litholo- 
gical analugies. His identification of Pebidian rocks in Ireland had 
not been ba^ed only on lithological affinities, but he had sj)ecially 
insisted on their state of crystallization and upon the fact that in 
Wexford they occurred side by side with unaltered Cambrian and 
Ordovician sediments, sej>aratcd from them by sharp lines. The 
difficulties suggested by some of his critics would, he thought, bo 
removed if it were remembered that in some of the Bnlish localities 
the Pebidian rocks v ere mainh of volcanic origin. He had com- 
pared tlie Lough-Poyle series with the British Pebidian in the non- 
voleanic districts. 
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Ob a Skuix of Ovibos MoscBCjiTrs from the Sea-bottom. By 
W. Botj) Dawkins, Esq., M.A., F.R.S., F.G.S., Professor of 
Geology and PaleBontology in the Victoria University. (Read 
February 25, 1885.) 

In a discussion on my essay On the alleged Existence of Ovihoe 
moschatiis in the Forest-bed, and its Range in Space and Time ” 
doubts were thrown on the specimen on which the paper was 
founded as having really been derived from the Forest-bod. On the 
one hand it was argued by Prof. Presl wich that it was possibly 
derived from some newer deposit, and on the other by Mr. Evans 
that it was a dredged specimen. Since the publication of the paper 
Mr. Clement Reid has carefully re-examined the specimen, and 
agrees with me in concluding from the matrix that it is “a genuine 
Forest-bed specimen,” and that it has not been dredged t. The 
interest attaching to the discovery of so arctic a species in the 
Forest^bed has led me to search for further evidence, and the search 
has resulted in the discovery of another skull, which is the proxi- 
mate cause of this c >mraunic iliou. 

Shortly after the ])uhli<‘at ion of my essay on Orlhofi moschafttfi in 
the Journal of the Socict\, Professor >«'ewt on told me of tlie c xistence 
of an undescribod ^pecimcn of iii the riuver^ity Museum of 

Zoology and (’omparativc Anatoin\ at Cambridge. ^Ir. J. U". Clarke 
has been kind (*nough to send it to me ^^ith llie aceoinj)anying note. 

“ My as.sistant s iw it hanjing up outside a ireneral store* and curi- 
osity shoj) in Parnwell, iind gave 2.*?. th/. tor it. The ]»ro])rietor of 
the cstahlishineiit c mid give no aecount of it.” An examination of 
it, however, leiivos no doubt on my mind as to its derivation. It is 
highly impregnated with ]>ero\ide ot inm, .'lud in one spot between 
the horn-core^' showed traees of the* red ‘^aiid m.itrix of tlio Fon'st- 
bed. It is stained deep red, as is generall\ tlie case with speci- 
mens w^hich have lieen washed out (>f the Fore'st-lad and ex]»os(‘d 
for some tiuu? to the sea- water, and it liad evidently lieen at the 
bottom of the sea for some time, since it is incrust ed in places with 
Polyzoa. The fact, moreovcT, that th<\s(> occur on the fractured sur- 
faces proves that tlie specimen was lying at tlie liottom of the sea 
as a fragment. Its .sharp angles forliid the su])['osition that it has 
been exposed to tlie dash of the sea on the shingh*. In a w'ord, it 
possesses all the characters of specimens obtained by the fishermen 
from the Xortli Sea off* the coast of A’orfolk and Sutl'olk, and wdiich 
have been washed out of the Fore.sl-bcd at a time w'hen the cliffs now 
BO rapidly retreating were not far from the line of the Dogger Rank. 

Between the Dogger Rank and the pre.sent cliffs of East Anglia 

* Quart. Journ. Geol. Soc. Nov. 18H.3, vol. xxxix. p. 581. 
t “Through the kindness of Mr. Ruxt.<m, £ have had an opjmrt unity of ex- 
amining the skull, aTid feel no doubt that it is a genuine K()r<*Ht-bed specimen. 

It is certainly not dredged ; for the angles are unworn, there are no marine 
organisms on it, and the loose sand inside is not sea-sand. Under the micro- 
scope the sandy matrix is exactlj' like the eoarse quartz-sand of the Forest-bed, 
ancf not like the sand of the glacial deposits or shore. A quartzite pebble im- 
pacted in a cavity also agrees wit!i the peeuhnr jiebbles found in the Forest- 
bed.’’ Trans, of tlie Norfolk and Suffolk Naturalists’ Society, iii. p. f>t32. 
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the Bea-bottom is strewn with similar waifs and strays from the 
ForcBt-bed, as may be seen by comparing it with a specimen on 
the table from Mr. Coleman’s collection at Corton. When it is 
further added that there is no other locality than that of the 
Forest-bed series on record w'hich has furnibhed specimens possessed 
of the above characters, there is, in my opinion, little room for doubt 
that this specimen was derived Ironi the Forest-bed, and dredged 
from the bottom of the North Hea, somewhere off the coast of East 
Anglia. 

Tlie specimen in question consists of the coronal and frontal 
portions of t lie skull Mith thehom-cores and the right orbit of an old 
male Musk-sheep. It has been fractuied at the parieto-occipital 
suture ; and the whole of the occiput and the greater part of the 
basal region has been biuken ‘‘O as to expose the upper part 

of the biain-caMty, and to reveal the enormous thickness of the 
frontals and ]>arietnls supportiiii: the lK>rn-cores,lliepaiietal thickness 
being 2*4 and the Iroiital 2*1 nuht^. 

Slull of ()\ihos monchatus, Fortst-hed, 

.(* tnuith naluial si/e.) 



The lioiii-coieb in ligiiie) oeuijn nearly all tlie parietal 

surface, near!} meeting in the median line of llio frontals (A), and 
Bweep bhai])!} doyny aids at right angles to their coronal surface, as 
is usuall} the ease mi th old males ot Onbos They are 

deejdy excavated on the iijqier surfaces for the in&crtion of the base 
of the horns, far more doeph than in ain skull of Musk-sheep M’hich 
I have examined, excepting the skull found in Eschseholt/. Fay. 

It is comparable to that of the fossil Ouihos cavifrons of North 
America described by Prof. Leidy The horn-cores, however, differ 

♦ ‘Smithsonian Contributions to Knowledge/ v Article 3. Journ. Acad. 
Nat. Sci. Philad. 2nd series, vii. p 374. See also my British Pleistocene 
Mammalia, Palseont. Soc. part v. chapter 5. 
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from those of that species in the fact that they are not confluent in 
the median line of the frontals, and do not extend in front as far as 
the plane of the orbits in the median line, as well as in the abrupt 
downward sweep of their extremities. 

The principal measurements, as compared with other specimens, 
are given in the following Table : — 


Measurements of IJorn-cores of Ovibos moschatus. 



Specnneii 

figured. 

Pleistocene, 

Craylord. 

Recent, 
Brit. Mur. 

Horn-cores, ant ero -posterior extent ... 
„ length ! 

(> v) in. 
(V8 

1 12 1 1 
1 1*0 1 

1 

0 11 1 

0*0 in. 

14r> 

17*(5 

0 05 

8*8 in. 

14-5 

„ basal circutnrereiioe I 

„ inter-^pace, behind | 

,, „ in front ... ' 

,, ininiinum j 


The frontnl*^ in front of the horn-corcb are smooth, and the ridge 
extending across the foreh(^ad in f>ome old nudes from one supra- 
orbital foramen to another i'' merely indicated by a gentle rise. In 
concluding this notice, it only remains tonne to add that the skull 
is the ninth specimen of this rare fo*"'il from liiitibh I’leistoceiie 
deposits, and the se(*ond referable ith higli probability to the horizon 
of the pre-glacial Forest-bed. 

Discussion. 

Mr. Clfment Deti) doubted whether the sjx'cimen described really 
came from the Forcst-lxxl. It looked nior(‘ nxH'iit and was lighter- 
coloured. He also called attention to the tact that the spc'cimen 
brought for eom[)arison, and st ited to lx* from the* Forest-bed at 
Pakefield, had on it traces of marine organisms, and a label 
stating that it was dredged at a distance of f‘h) or 40 miles off 
Southwold. 

Dr. WooDWiRD remarked that })oth the specimens exhibited 
appeared to be from the DoggcT Bank. ]\Iore information w^as 
required to determine wdiether tlic^se specimens wctc^ pre*- or post- 
glacial. At the same time the e\idc*nce collected by the Author w as 
of great importance. 

Mr. E. T. Newton also douhted wdiether tlie age of these fossils 
was satisfactorily estahli'^hed. Their appearance was insufficient to 
determine that they cainc from the Forest-h<‘d, liecausc many fossils 
have been referred in collections to this bed, w liicdi w^erc really of 
unknown derivation, especially certain specimens which w'ere of a 
dark colour outside and paler v ithin. Sjiociineus from the Dogger 
Bank were generally heavier than those from the Forest -lied. 

The Author in reply said that the only jioint agreed upon seemed 
to be that the specimen was dredg*‘d in the North Sea. During the 
last twenty-five years ho had studied the Mammalia of the Eastern 
Counties, and was acquainted with the collections from the Dogger 
Bank. These were less mineralized and lighter than those of the 
Forest-bed. The skull, in his belief, was identical in mineral condition 
with undoubted Forest-bed specimens. 
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26. On the Geology of the IIio-Tinto Mines, with some General 
Eemarks on the Pyritic Heqion of the Sierra Morena. By 
J. H. Collins, Esq., E.G.S. (Read January 28, 1885.) 

[Plate VI.] 

1. Introduction. 

The pyrites deposits of the Andevallo, as the mineral zone of the 
south-western branch of the Sierra Morena is called, are certainly 
the most extensive ever yet discovered. In addition to the world- 
famous mines of Rio Tinto and Tharsis in Spain, and of San Domingos 
in Portugal, they include many others of very considerable extent 
and importance, a ielding in the aggregate, at the present time, up- 
wards of two and a half millions of tons of ore per annum *. 

The deposits in question are included within a band of country 
about 140 miles long and 30 miles wide, consisting for the most 
part of PabTOzoic schists, now known to be principally, if not en- 
tirely, of Ppi)cr Devonian age, ])ut which are often very highly 
metamorphosed locally into jas]»er, talc-Rcliists,chiastolite-8chists, &c,, 
and are associated with quartz- and felspar-porphyries, diabase, 
quartz- syenite, and granite. The mijieral strata to the northward 
abut against or rest upon the highly crystalline schists and gneissose 
rocks of the Sierra Alta, which have been assigned to tlie Huronian 
and even to the Laurent ian period, while to the southward they are 
overlain by Tertiary limestones and sandstones. 

The chief mineral riches of tliis region consist of masses of cupri- 
ferous pyriti's, such as those so largely worked at the above-mentioned 
mines ; but tliere are, in addition, numerous veins of manganese 
ore, as well as of lead, copper, and zinc ores, some of which have 
])eeii worked occasionally to considerable advantage, while a very 
large number of them could be so worked were the country more 
opened up l>y railways and roads. 

2. General Charactfr and Associations of the Pf/rites Deposits. 

(k)mmeiicing near Aznalcollar and (’astillo dc las Guardas, in the 
province of Seville, tlu' masses of pyiites succeed each other at short 
intervals, proceeding westward tlirougli the middle of the province 
of Huelva to ►^an Domingos in Portugal t. The more important 
masses are, however, contained within a much more circumscribed 
zone, wliich is not more than three or four miles wide at the eastern 

* The oflirial slatcinonl in tlio ‘ KoMsta Miiiera’ tons as the 

total produftion of the {Spanidi dt*po4tt» in 1S82, piiice winch there lias been a 
very considerable increase. In 18s4 the mines of Rio Tinto alone produced 
1,81)0,1)18 tons of ore, containing on an average 8-284 per cent, of copper. 

I This region, be.sides supplMUg numerous tributaries to tlie rivers Guadal- 
quivir and Guadiaiia, is the source of tlie considerable river Odiel, which, with 
its chief tributary the Tinto, enters the sea at Huelva. 

aJ.G.S. No.163. T 
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extremit}', but which divides into two branches in goini? westward, 
the smaller and less important trending a little to the noi tli of west 
towards Aroche, while tho greater i)a8ses to the south of west into 
Portugal at San Domingos. 

I do not propose to describe this extensive region here but tho 
description which follows of the Bio-Tinto district, and of the 
relations of its mineral deposits to tho country rocks, will apply 
with very considerable accuracy to tho whole region, allowance 
being made for the greatly difEcront extent of the various deposits. 
The more important mineral masses throughout tho region arc very 
frequently true contact-dopovsits,” and I believe tho more closely 
they arc examined the more generally this will be found tho case. 

3. Oenend Descrijithn of the liio’-Tinto district. 

Briefly the structure of this district may be described as under : — 

The greater portion of the country represented on tlie accompanying 
map (Plate VI.) consists of Pala'ozoic slates and schists, striking some 
few degrees to the north of west, and dipping, for the most part, 
steeply to the northward. These slates have been })ierced by in- 
trusions of syenite, of diabase or dolerite, and of quartz-i>ori)hyry 
and felspar-porphyry. Fissures have then been optmed in these 
rocks along lines of weakness, mostly determined by the junctions 
of the porphyries with the slates, and, these fissures liavo hecomo 
filled in their wider portions with rock debris or with pyrites. The 
section fig. 2, Plate \T., sIiown the manner in which the various 
rocks are convoluted and interstratified. 

The SJafrs. — At and around the mines of Itio Tinio tliese are 
certainly of PaUiozoic age, but tlieir exact geidogical lioi i/on lias only 
lately been determined. At one time they were stated to entirely 
nnfossiliferous ; then they were said to be Silurian t. Jldiner 

and AVimmer consider them to be the e(|uivfilcnts uf the culm- 
measures while Dr. Fraas, of Stuttgart, uji the occasion of his 
visit to the mines in ] S^:b came to the conclusion that they were of 
Upper Devonian age, and this couclu.sion is fully borin' o\it by the 
examination which Dr. Ktheridge ha.-> been kind enf>ug]i to make of 
the fossils wdiich I obtained and submitted to him. Fossils are 
tolerably abundant in .several jdaccs in close }>r()ximity to the mineral 
deposits. As might liave been expected, llnw are usually mucli 
crushed and dibtt>rted, }ct it has been jiossible to deti*niiine several 
species, the most common being /*osit/oitom)/(t Jnrhtri^ J\ aenfirosta^ 
1\ lateralis (?), a Gouiatitc allied to (J. stthsulaftns, and a jdant 
W'hich may be a Siujenaria. Don Joaquin Tarin, in bis memoir 
2 >ublished in states that he has also m(*t with a little (/oniutitc 

♦ The main pf;rtion of thin rc»;i(m, (lial comprised williiii the [)ro\inceof 
liuelva, has been verv fully and hxithfully d»*Hfrib<*(l by »Sr. l)n. Joaquin Uon- 
zalo y Tarin in tlie ‘ Poletino de la t'omision (ltd Mapa Cieul/ygica de Kspafm,’ 
>ol. V. 187/5. Tins' author gi\es also a verv good gt'ological map of Uj(‘ Aiide- 
vallo on a smh* of 20 77770 .>* 

■t Quart. Journ. Ueol, Sue. vol. \xxvii. p. 2 . 
i Perg. u. Ilutt. Zeit. Nos. 28 -o 0 , 1883 . 
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resembling the (7. creniMria of Phillips, an Avicula, an Orthoceras, 
and tvv'o specimens of Crositopodia ; but these were not found within 
the Mrea included in my map, although they are stated to have all 
occurred associated with PosidonorAya Becheri*^, Many of these 
fossils were found enclosed in concretionary nodules. 

Ti* to the present time fossils have been discovered in eight 
diffcM cnt localities, all situated within half a league of the village of 
llio Tinto, and all within a furlong of the mineral deposits t. 

For tho most part the slates are either vertical or very highly in- 
clined (see Plato VI. fig. 2) ; and with a few local exceptions the dip 
formilcs together is nortli ward, while the strike is from 15® to 25° north 
of west. At the surface the slates are mostly weathered to a yellowish 
or brownish tint, wdth occasional bands nearly black ; but in almost 
all tho excavations a dark-blue tinted rock is soon reached, more 
or less ai)proxiraating in character and appearance to roofing-slate. 
Uj) to the present time, however, no slate has been met with of 
marketable value. 

Tho following are analyses made in illustration of this paper : — 

(A) is of a specimen takem from an adit-level driven recently by 
tho Ayuntainiento of llio Tinto into the hill known as the Mesa de 
los Pinos for the sake of obtaining a supply of drinking water, the 
place selected l>eing, therefore, situated at a considerable distance 
from tho jjy rites dej>osit. The sj)t‘cimen selected was very dark blue 
and exceedingly cIom* and compact in texture. 

(11) is a sample of weathered rock, originally of very similar 
character. 


Witter h\ (loiceation , . . . 

A. 


,, b\ igniliou 

L-LiJ 

Silie.'i 

(i]-12 

04*47 

Alumina 


lb*22 

I'roloxide of iron 


trace. 

Peroxide of iron 

trace. 

b*2b 

Linn* 

o-db 

1 race. 

Magne^'in 

th72 

trace. 

Tyrite^. 


0*10 

Alkiilu's, < ale. iis pota*'h . . 

2- lb 

;3*21 

(’n]*|)er 

trace. 

tr.ace. 

IMio.sjihorie a* id 

0*12 

tVilCO. 

1 .o>s 

i-n 

1*10 


Sp. gr. 2*7il 

loo-oO 
Sp. gr. 2*71 


* As illustrating tho aniouot of o\lon'*ion hioh ii shell nuiy uiiilergo Iroiu 
lateral ])res‘<ure, 1 uui\ hen* eall attention to a statement of the author above 
cjuotod that lie lias in his juisseasion sjieeiinens of /*. Ihchen, ItU) millimetres 
(say binehes) long. 

1 'J'he lirst fossils in the slafe.< were, I believe, found by air. Odiomc, now 
the deimty-manager of the Uio-Tinto mines, at the point marled Aon the map, 
while making the railway leading to tho Cerro pump. I have tound many 
others at 13 wliieh seem to be froin the same beds, arched over as bliowii m the 

Hortion. ^ 

T 2 
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It will bo seen from those analyses that the result of weathering 
is to reduce the amount of combined moisture, to dissnlve out the 
lime and magnesia, and to jmroxidizo the iron. Tiio nlktilies do not 
appear to have been removed in tlie process of weathering ; in fact 
the second shows somewhat more than the first. All this is exn(*tly 
what might have been oxj)ectod of such a rock, in such a climate, 
where considerable alternations of temperature are continually 
occurring, while there is ordinarily but little change in the hygro- 
metric condition of the atmosphere. 

Reference has been made above to the ])revalenee of a northern 
dip at a high angle. In a distance of six miles from X. to 8. I 
have only discovered as yet three anticlinal eurvt's, and this not- 
withstanding the fact that the !)are rocks are everywhere visible. 
These are shown on the accompanying luilarged cross-section of part 
of the region shown on the map (Plate VI. tig. 2). It would appear, 
therefore, tliat these ancient slates have a vc'ry great thickness here as 
in many otluT places. The three anticline's reterred to may i>e seen 
at the Rejoudillo near the new bridge, in the vallt'} of the Rio Agrio, 
and on the Itio-Tiiito railway between Xa\ a and Jaramar. In many 
places the slates are mon* or less sandy in npp('arance; they pass, in- 
deed, into a grc}’ tis.siJe ‘'and^tone. The d(‘\eloj»ment in ( ‘oar^e-grained 
varieties of these rocks of crystalline particles of quart/ and f<*lsj>ar, 
the latter now for the most pmt sonu‘\\hat kaoliur/ed, results in the 
formation of a rock scarcely distinguishaldt*, except by th<‘ use of a 
lens, from tiie more schistose varieties of th(‘ porphyries hereafter 
to bo (lescril (‘d. 


In seme jjlaces the s].ito< enclose fragment^ of prei*.xisting rocks, 
rounded or angular. In others small linnp^. h'nids, or lenticular 
masM‘s of (juart/ite ooetir imbedded in tho .slates, l.aving all the 
appearam e /.f Irueign (‘nclosurcs. hut m }jif h I have j ea‘a*n to )»o]icve, 
in some inst.,nc(s. arc mmU j)oili<,ns of the original rod of morJ 

sandy texture than usual, whifh have Uromr ^iUniwd hv aqueous 
ageney the sihoeous wder.s ha\ing found in them tit situations in 
winch to dej/oMt their .silica. Suhse(|ur‘?itly the eontenijK.rarv quartz- 
ites have heeonu' traversed h> joints ,,hich dr. nrd r-ntcT the main 
mass of the slat(', sr. that thcMlirified jiortir.ns coin|detelv simulate 
toieign enrl(>sur(.s. idionomena may he wrdl semrat several 

points on the road from /alamea to VahTrde ; and tlu'v an* luir- 
Ueularly well marked on the hill lieUeen Zahmn.a and the lialAvav 
house on the road to liio Tinto. Here great imiHs(‘s of tliis qunvil 
ite, some of them several yards in extent and man^ tons in weight 
occur in slate, having all the appearance ui' included fragments, but 
which, 1 hclievf*, have iicen formed as stated ahrAo 

In the neiglihourhood of pyrites dr'jiosits thr^chists aro often 
highly charged with pyrite.., as might hr* (*x],r*eted. J b(*]ievc, 
indeed, that they have supplied the material for thosr* deposits, Imt 
this ]»art of the subject will be reverted to hereafter. 

The pyritous schists near the surface are sometimes changed into 
ferruginous schists by the oxidation of the pyrites. More often, 
however, the siliciflcd ferruginous bands which indicate the presence 
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of pyritous deposits, appear to have been produced by infiltration of 
ininer.il solutions from lakes of ferruginous water wliich formerly 
existed. The effect of this infiltration has been to indurate the 
jiearly vortical schists in such a manner that masses of them have 
resisted denudation, and now form ridges higher than the surround- 
ing country. In the neighbourhood of the fissures here, aa else- 
wher<5 (Agordo, &c.),bolh schists and porj)hyries are often bleached 
and kaolini/ed. 

— In a great many ]daces fine-grained bands of the slates 
following the strike arc found to be silicified, and converted more or 
h)SB completely into excellent jasper, mostly red, but sometimes of a 
deep green tint. The transition from the unaltered slate to the jasper 
is often abrupt, but occasionally ver}' gradual, and specimens may 
easily bo obtained in all stages of alteration. The production of this 
jasper does not ap[K*ar to be necessarily connected with the presence of 
intrusive rocks at the surface, since some well-marked bands are 
situated at u ooiisidorahlo distance from such rocks. At the same 
time it must be admitted that the finest and most extensive bands 
are situated very near the porphyries. In many cases these jasper 
hands acconij)any hands, nodules, or ‘^eyes" of very pure peroxide 
(jf manganese, to which furtlicr reference will ]>o made hereafter. 

The follow ing is an analysis of oiu* of tliese red jasper bands 


from m‘ar 1 loll a \ i^^a 

C. 



Tt'roxi'it <»firun 

Alumin i 

Lini(» 

M'lmn'in ‘1<> 

Manii»incse trace. 

Alkalis- -'It) 

Wal.r -40 

1.0.^ 


iDO'Ol) 

Assuming that the original slate had pretty much the composition 
of ai\alysis A, a coin])arisou of this analj'sis w’ith C' W'ill show 
how' great the ehangc' has been. It is not merely that there is a 
great addition of silica, hut almost tlie wdiole ot the other con- 
stituents have l>een earried ofl’ except the oxide of iron, and the 
ratio of tliat to tlu‘ silica has been reduced from 4 to -jt;.. 

— A few’ miles to the north of the mines is a broad ba,nd 
of syenite running nearly in the same direction as the slates, which 
I believe to be more ancient than any other of the eruptive rocks of 
tlie district. In the neighbourhood of Campo Frio it has a breadth 
of nearly four miles. It is a perfectly typical quartz syenite, and 
is itself penetrated by veins and masses of diabase, otten much 
decomposed, and hy dykes of (piartz-porphyry and of felsite, much 
resembling the more compact of the elvans of Cornwall. It is also 
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tiUTerscd by mineral veins ^nelding ores of lead and copjx'r, but of 
quite a diiferoiit character from those which \ ield the jiyi lies. The 
soil in the syonito regions is richer than in those eonqiost d of por- 
•phyrj^ or slate. Further to the north the s} enite is succeeded by 
hornblende-schists, and then again by limestones. 1 reser\ c a fuller 
description of these rocks, which nowhere approach within a league 
of the mines, for a future paper. 

Diabase. — The chief development of diabase is to the soulh of the 
mines, where it occurs in extensive masses, in part intercalated 
with, and in part traversing, tlio slates. The general strike of these 
basic rocks is a little to tho south of west, and associated with them 
are others of a fragment aiy nature which have much tlie appearance 
of altered ash-beds. 

The diabase beds are readily discoverable wherever tlioy occur by 
their brown colour whore decomposed, and by their almost universal 
tendency to spheroidal decomposition. This, in some parts, is so 
marked that the mulc-tr<ic*ks which servo as roads are strewn with 
rounded masses of rock varying from a few inches to a foot in 
diameter. These compel the attention of tho travtdler, even when 
not a geologist, owing to the extreme iTiconveni('ii(‘e which tiny 
occasion, esjiocially if he should happen to he a ]»edostnan. As 
stated above, rocks of a very similar character are associated with 
the quartz-syonit(‘s wliich lie more' to tlu' north. 

The decomposition of thi^ rock produces a very rich soil, whicli 
may he distinguished at once by its vegetation from that of the 
slates and the porphyries, the latter being extremely barren. 

The following analysis (D) ^ill full\ account tor llii'^ riehiicss oi 
the soil. The large proj>ortion of -soUpjlo silica" is note\c()rihy in 
this analysis : — 

7) 

Water hy doiecation > 

11 by ignition ... -hit) 

Silica iiisol. in JR’l. 47’7<> 

Silica .sol. in 11(1.. . . l*o(> 


Alumina 

17-2(i 

Protoxide of iron (with a little 1 

1 0.^7 I 

peroxide) J 

1 J; —0 

Lime 


Macnesia 

4-71 

Soda (with a little potash) . . 

:mi 

Loss 

1-55 


lOO-OO 

Specific gravity 

2-9:U 


The Porjjliyries . — These are for the most part quartz-porphjTics, 
which have nothing ])?irticular]y remarka])lc in their appearance 
when compared with similar rocks from other districts. Some are 
more higlily qnartzosc than others, Imt in all pory>hyritically developed 
crystals of felspar of more than microscopic size are extremely rare 
except in a few localities. Lithologically two variotios arc di- 


-l-on 
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sting^if^hablo, compact and scliistoso, but passing into cacb other. 
In general the interior of a mass is compact, while a scliistose 
struck lire becomes more and more evident as the outer portions 
are reached, i. e, those near the junctions with the slate. The 
dilfcrenco in chemical composition ])et.weon the two varieties of 
the jM)rphyr\’ is hy no means great ; and 1 am disposed to believe 
that the schistose structure has Hcon developed by a continuance 
of the same pressures which have converted the Paleozoic mud- 
stones into slaU‘8. Keference lias already been made to the existence 
of bands of porphyritic schists (altered shaly sandstone) in the 
slates. These so closely resemble the bands of schistose porphyries, 
that it is not in all ca.ses jiossiblc to distinguish between them 
in hand specimens; indeed, the more one examines these rocks 
in the field, the more one is disposed to regard them merely as 
varieties of one and the same rock, serving as intennediaries in 
bridging ov(*r the pas«<ngc from undoubted slates on the one hand to 
undoubted folNpar-i)or])hyries on the other. 

The following analyse^ of various specimens of the porphyries 
will show how cl<»sely they re.semhle eacli other. J add an analysis 
of the porphyritic schist for comparison : — 



E. 

F. 

G. 


rorjih\ ntic 

Schistose 

Verr folid 



porpliyry. 

porp})yry. 

Water over 11,^1 Ij hy 

1 M.J0 'irj 

*- 0-70 

0'40 

„ ignition 

j 0-4.) 

J 

0*28 J 

Silica 


07-00 

70-34 

Alumina 


20*30 

14*85 

Oxide of iron 


2-8S 

1-89 

Lime 

l-4i» 

2*80 

0-10 

Magnesia 

0*4<) 

trace 

0*50 

Pyrites 

trace 

trace 

trace 

Phos])horic acid 

(KM) 

trace 

0-05 

Alkali as potash 

Carbonic acid, tlmuinc. 


2*10 

5*11 

and loss 

4A)4 

4*22 

0*70 


100-00 

lOU-OO 

100-00 

Specific (i rarity . . 



2*05 


Occasionally, as at the old-station (piarrv at IXio Tinto, the 
porjdnritic schist may ho traced right up to its contact with the 
com])act porphyry, becoming more distinctly crystalline as it ap- 
proaches the junction, and leaving no doubt in the mind of the 
observer that the intrusive porphyry has been an active agent in 
producing the metamorphosis. 

It is remarkable how uniform in appearance the porphyries are, 
oven when taken from localities widely separated from each other. 
Thus I have 8j)ecimons from Yalverdc on the south, which cannot be 
distinguished from others broken near Madrono on the east, and 
Poderosa in the north. 

The porphyritic masses are usually lenticular in form, hut they 
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often bav© fimbriated extremities as shown in fig. J, where a is the 
lode-fissnre, h the porphyry, and c the slate. 


Fig. 1. — Sectim showiwj Porphifniic MasHS. 



Their general direction is so siniil ir to tin' strike of the slates, and 
their lengtli i> so much greater than their ])readth, that they a]>pear 
to be interstratified, unl(“*s tlu* junctions are very clostdy examined. 
'When, however, such exaininaiions are niad(‘, tlie true nature of the 
association of tlie locks i> olwious euouuh, for the skites abut 
against the porjdiM-ies without in an\ way bendiiur round them, or 
else the }>(>r|)h\ry breaks u|> into br.im and tlngf rs, which 
are thrust bit\\<‘('n tlie lamina ol tla* slates in tig 1. Tliis hitter 
mode <if oecurn IK t‘ may ]»ewell scfu on tin* liill abovi' 1‘uerto Kubio. 
A bending of the lamina' of slate around the porjihyry is almost 
if not (juite unknown. 

Tn a few’ ])laces tlie porplivry appears to l)e mucli lik(‘ granulite. 
This is particulaily observable bctwemi tlu' Finnte Fria w'ater- 
d(‘pn.sit and tlie fiist Malabo. \MuT(*th(‘ jiorpluries im-et llu‘ slates 
by a faulted junction, as is freijuently the case, a thick mass of 
•• fault rock ’’ is often observable at these junctions. Tliis maybe 
very well seen in the railway-cutting on tlie west side of Die Mesa 
de los Finos (see fig. H) and on the Ztdamea road about half a mile 

Fig. 2 . — Section in Itaihvay-cnili tnj ini the ivc.st sidt of the 2Jesa 
de los Pi nits. 



west of Jlella Yista, both localities being situated on prolongations 
of the “Valley lode"*. It is also w^ell seen at the foot of the bill 

♦ In this railway-fault the slates {c) are inclined at a very lii^h angle to the 
north. They cmly appear to ha\e a low angle because of the direction of the 
line c»f section, which forms but a very small angle with the line of strike. 
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below Gangosa, on the western prolongation of one of the branches 
of tlic North lode. This fault-rock consists o! a hardened felsitic 
basis of disintegrated l>orphyry and slate enclosing angular fragments 
or partially rounded masses of porphyrj% slate, and occasionally 
jasper — generally angular, and occasionally of considerable size. 
The Iwaring of these facts upon the age of the faults is obvious 
enough. 

Apparently tlic motion of the walls has broken up the porphyries 
and slates, the latttT having been previously metamorphosed into 
the various forms noted above. In places the fissures must have 
remained ojKin for a considerable time, while large quantities of 
fragments fell in and became surrounded by clayey matter. 

The Iron-ores. — In a considerable number of places, always on 
hill-lops, and always near masses of pyrites of greater or less extent, 
are horizontal beds of i run-ore, consisting of angular or occasionally 
rounded fragnuMits of <|uartz, slate, and other rocks, cemented 
together by j>eroxide of iron, which is only sliglitly hydrated. 

Tlie ]>r<u)ortion of ouai1/. or other niafter in these rocks varies 
from less than I per ( "nt. up to oO or per cent. In a few places 
beds bav<* yielded plant -reuiain.s, which indicate that they are 
of ]Mio(‘en< .liTi*. It vould njipear that they were formed at the 
iiotlom id’ lakes- -tin* lirnitriuous matter having been derived from 
the di*culupo^ition id tin* p\ rites of the upper parts of the lodes — 
which stood luueh ]ii|:]ier than at present. Thcvse ]>e(ls of ore occur 
at various ilevatiotis, c-adi ditferent level no doubt indicating a 
]>criod of ujqu'oximati* coll^taucy in the lovd of the waters, the 
ditVenuit bcils having biani formed as the old lake-houiidaries were 
broken through, and iu‘W ones formed at a lower level^. 

The following jiatclu's of iron-ore of a sedimciitaiy" character 
apjiear to indicate tin* former and successive existence in the neigh- 
bourhood of the mines, of no new fewer than six ferruginous lakes. 
Tlu heights given are merely a])])roximatc, as determined by a 
])Ocket-aneroi(l. The jiaiclies bracketed together appear to have been 
once continuous, and have been separated by subsequent subaerial 
denudation. 


* Tlio cliief t)f these dei)Osits, tliat of the Mesa de los Pinos, has been well 
deseribtM:! by Mr. J. A. PhilU})s in paper “On the Occurrence of Beraains of 
Bocent Plants in brown Iron-orc/’ Q. .1.(1. S. vul. xxxvii. ]). 1. lie gives the 
following a naly.sis ol a sample of tlie iron ore from the Mesa, which maybe 
taken as a prett y fair average result for the ore generally cxiiorted, except that 
there are ubually present a few i>er cent, more of silica: — 


Water 


r hygroinetric 
\ combined .. 


Silica 

Ferric oxide 

Alumina 

Pliosphoric anhydride 
Sulphur 


1-40 

11-80 

lv)3 

8405 

trace. 

♦14 

•L>3 


01)-80 
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Above Bea-levol. 

j Cerro Colorado. . 1794 ft 

’ Cerro Salomon . , 1761 „ 

o Mesa de los Pinos 1500 „ 

Cerro de las Vacas 1497 „ 

q BoDa Vista 1473 „ 

Atalaya 1470 „ 


Abo\ 0 Bea-level. 

4. llio Tintillo . . PW ft. 

, / Los Planes . . 1-W „ 
''^•{ElLago .... USD „ 

0. La Naya 1050 „ 


Notwithstanding the geologically recent origin of these ferrugi- 
nous lake-deposits, they are often traversed by (jiiartz- veins filling 
shrinkage- cracks, and occasionally small masses of opal (^liiller’s 
glass) occur in cavities, showing that there must have been circula- 
tion of siliceous waters and deposition of silica in geologically 
recent times in this district. 

In addition to the iron-ore of these hill-top de])osits, a very large’ 
quantity of excellent iron-ore of jwceisely similar character has been 
got out of the “ over Imrden recently removc'd from the north side 
of the great open cast on the South lode. This lias, I licdievo, been 
formed by the d(‘gradation of the ancient lionf-iron d('posits, and 
has sunk down over tlie pyrites into the «‘xten''ive pre-lioman 
open workings. These are filled with hrecciated masses, consisting 
largely of fragments of tlic iron-ore, mixed with slate and porjdiyry 
frequently in a state’ of complete deC(»m]»ONitiou. 

Occasionally tlie ])\ rites has deconi])os«*d near the surface so ns to 
form a tnic “ go/zaii ’* ext<‘nding downwards for many fathoms, thus 
producing a ferruginous suhstanee ea]>ah]«‘ of lieing used us iron-ore 
under favourable ci^eumstance^. although, as it contains a large ad- 
mixture of clayey and earthy matters from the sides of tlie lodes, 
it is not usually preserved as such. Sam])les of this ferruginous 
earthy matter often contain from ♦*15 to -15 ])cr cent, of motallie 
iron, as shown hy analysis. 

It is interesting to note that the waters i.^^suiiiir from tho mines 
even now deposit eonsiderable quantities of oxides of iron in the 
beds of the rivers wherevt’r there are convenient situations. The 
following arc analyses of some of llu’se su]>stances ; (H) — yellow 
ochre from the bod of the llio Tinto near Manantiales, about 20 miles 
below the mines ; (1) — iron-ore from the llio Tintillo 



11. 

1 . 

Silica and insoluble . . 


13*04 

Alumina 

2’50 

1*00 

Perric sulphate 



Perric oxide. . . .(40*80)= 

^hj^drate 57*78 

73*00 

Arsenic 

0*l>7 


Copper 

trace. 

trace. 

Moisture and loss .... 

5*d5 

12*30 


100-00 

100*00 


The following may bo regarded as tyincal analyses, (J) of the 
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natural liquor issuing from iho mines, and (K) of the liquor flowing 
from the cemontation-tanks. Each of these is found to deposit 
iron-oxide wherever the waters are checked so as to allow of natural 
oxidation and evaporation. 


J. 

Xatural liquor. 

K. 

SaUda liauor. 

Ferrous sulphate 

4-U!>l 

54*270 grams per fit 

Ferric sulphate 


6-075 


Aluminic sulphate 


•800 


^Manganous sulphate .... 

*008 

•010 


Ziiicic sulphate 

•80S 

2-814 


Cupric Kul})hate 

1*701 

•282 


Ifiumbie sulphate 

•00!) 

•040 


(’alcic sulphate 

*250 

1*020 

9) 

Magnesic sulphatr ...... 

•()«« 

•812 

99 

Potas.‘*ic sulphatt* 

• 02:5 

•020 


Sodie sulphate 

•)).")2 

■040 


Sulj»]iuric jicid (free) .... 

1-274 

•752 

99 

Sodie cldoride 

•017 

•080 

99 

Antimony and Idsmulh . . 

traces. 

traces. 

99 

Arsenic 

•02'' 

•07<S 

99 

Silica 

•074 

•020 

99 


"^•505 


•9 


Tho }>yrit(s-iiia«scs are ainiosl always contact-deposits, 
i.f. they occupy the enlurp:(Hl ])onious of fi'^burcs separating two 
dissimilar rocks. Occasionally, it is Inie, both walls of a mass are 
<*ompose(l of the same rock for a short distance, in vertical or hori- 
zontal oxionNion, owing to the fact that the fissure has heen made 
more nearly in a ]>Iano than is the hounding-siirfuce of the two 
rocks, a phenomenon ^^llich has heen frequently observed in other 
districts^'. Some few' of the deposits, however, appear to he con- 
tained wholly in slatt', and others wholly in porphyry, hut never far 
from a junction of iliese dissimilar rocks. 

The eiilarg('(l portions of the pyrites-lodes of Hio Tinto and other 
parts of the Sierra Morena, it seems to mo, only differ in degree 
from tlie ‘‘shoots and “courses of ore'’ observable in coiinexion 
with fissuri‘-lodos in other countries. Owing to the lenticular 
character of tlie ])orph yritic intrusions which occupy the originallines 
of weakness, and wdiich have occasioned those openings which now 
form the lode-fissures, the junctions botw'ceii the slate and the i)or- 
phyry arc subject to considerable inflections (sec ma]), Plate VI.) ; and 
although the more recent openings which now contain the p 5 'rites 
have not followed these junctions everyw'horc exactly, still the 
result has boon to produce fissures somew^hat more made up of varying 
directions than is observable wliere a simple country-rock has been 
‘fissured, 

* See Foster “ On tlioOrcntFlnt Lode,” Quart. Journ. Geol. Soc, vol. xxxiv, 

p. mi 
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It is obvious that any movement of one side of a fissure which is 
not a perfect plane, must result in bringing into juxtaposition pro- 
jecting portions of the opposite walls, in whatoyer direction the 
movement may have been ; and conse(]ucntly in forming irregular 
cavities of greater or loss dimensions*. 

The cavities having been thus formed, it appears to me highly 
probable tliat they have been filled with pyrites by infiltration from 
the country rocks. Both j)oq)hyrv and .slate are almost overy^^'lle^t* 
impregnated, and the joints are often lined ^\ith pyrites, which 
invariably contains a trace of copj>er. 1'he structure of tlu* pyrites 
masses seems to me to ])ear out lliit» idea. A somewhat bandt‘d 
arrangement or grain of the pyrite.> is often visible, running in a 
longitudinal direction : and froqiKudly ]>ortions of the slate, very 
highly pyriti/ed. have been dot lehed from the walls, and enclosed 
within the main mass. Owing to the ahsi^nee ot ea\iti(‘s in the 
pyritous mass, crystals are exceedingly rare, and sometimes it is ab- 
solutely compact and strueturele‘-s. 

The •‘lenticular" (h*|> 0 '‘it"' ot ])\ rites yary from a feyv yards np to 
three quarters of a mile<»r moie m lengtli, and in yyidth iroiii a few 
inches iij) to ooo l('(‘t. Fn «jiienlly t\yo or nn>r(‘ of tli(‘se ar(‘ connected 
together by a thin V( in, almost a tliread. (U' jnritou" matt(‘r: and 
they’ are generally tr.iyerM'd )nore or le^s ])y y’eiiis ot richer ore, 
eoj)})er-py rites, ( (qjper-glance, galena, vV.e., and occasionally rdso of 
nearly ]>ure iron-|»\ rites, as yyell as by yeiiis of barytes and (piart/, 
these latter running in a direction transyerse to tlie general diieetion 
of the mass. 

Charact* r of tJn Ort . — As the average^ eo))]>tr eoiitiuits oi the ores 
sent to England only var} betyveeii and 4 per cent., I might almost 
say and fnmi year to year, an idea has Imvii generally enter- 
tained that the orc‘ deposits a** a yylnde arc rcnuirkably uniform in 
composition. Aothina could ]>e further from tlie trutli, as yvas sliowii 
by the series of h])eciinens sent to the Madrid Exhibition of 18SM, 
which averaged from IfO to lbs. in yy’cight, and contained from 0*5 
up to bO per cent, of co])j)er. Idle folloyying are the chief y arieties 
of the ores yvhich 1 Lave obsiTVed : — 

rt. Poor sulphur-ore ; almost jmre iron-pyrites, hut containing 
under ^ per cent, each of copjaT and arsiuiic. (leiieially minutely 
erj'stalline, but sometimes hue-grained and compact, l>reaking 
with an almost conchoidal fracture. Sold as poor ore ("•inineral 
pobre ^), 

h. An ore like a, but containing variable (juantities of earthy 
matters, silica, and silicate of alumina, uj) to or JfO jier cent. 
Valueless esteril ’’). 

c. A substance like A, but distinctly banded in structure, the 
siliceous matters often rising to 5U, 70, or 00 per cent. Tlie jiyrites 
in this substance is generally more distinctly crystallized than in a 
or the forms being the cube, the pentagonal dodecahedron, or a • 

* This triode of formation, which is well known to all students of geological 

mechanics, is very simply explained by Pc la Oeclie in his ‘R(‘por(t on the 
Geolog}' of Cornwall,’ &c. p. ^17. 
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eombination of the two. Earely the crystals reach the size of 
peas, but usually they are minute. This is absolutely valueless 
(“ esteril 

d. A soft powder}’ or easily pulverized substance, having the same 
composition as the poor ore a, but valueless on account of its powdery 
condition. 

The particles under a lens appear to be ciy’stals. This is known 
as “ azufron.” Sometimes the cr}stal8 are coated superficially with 
galena or blende, ns if they had been immersed in water capable of 
depositing those substances. 

Compfict ore like ft, but containing from 1 to 2| per cent, of 
copi>er, existing as coppor-pyritcs minutely disseminated throughout 
the mass. This is the tyjiiciil “tclera mineral,” and it is mostly 
tn‘atcd on th** spot. 

f, ( ompari ore like but rirher, up to per cent. This is the 
typical exportation ore so ]arg(‘ly consnm(*(l in the manufacture of 
sulphuric acid. th<‘ cop]iiT, and .sometimes the silver and gold, being 
aiterwardh extracted b\ ’*wet ” nieth<»ds. 

j/. Ore siuul'ar to but coated supcrtieially or in the joints by 
biisie sulpbatc^ of copper (})rochantite, pisanite, &c.). This is also 
an ex\»ortiitioii or<‘. 

7i. ( 'op]>(T-i») rit(N, orubcscito, and occasionally copper-glance, more 
or l('ss mixed with iron-pyrites, quartz, blende, and other substances, 
occurring lor the most ])artin veins or veinules traversing the ordinary 
pyrites. Tiu'so assay from 4 per cent, up to from 12 to 14 per cent. 
en masse, and are all treated in the blast-furnaces, either raw or 
previously calciiu'd, as mineral rico.’^ 

/. The same ore, but with much quartz present, reducing the 
percentage to 3 or 4 ])er cent. Valuable as a fiux in the blast- 
furmices (“mineral cuarzo”). 

/. ^lineral like 7/, hut very soft and much decomposed. Also 
rcmitt(‘d to tlio blast-furnaces, under th<* name of negriUo.” 

l\ A compact mixture of galena, blende, and chalcopyrite, 
mingled with iron pyrites, yielding from 6 to 12 per cent, of lead 
and the same of zinc, with li or 4 per cent, of copper and 2 to 3 oz. 
of silvtT to the ton ; known as “ plomizos,"^ and at present a hete 
noire at the mine. Some of this bears a considerable resemblance 
to the ‘‘ bliiestone ” of Anglesey and to the “ kilmacooite ” of 
County Wicklow'. 

7. The same, but w’ith the lead more differentiated into veins of 
galena, admitting of dressing or clean hand-picking. There is but 
little of this ore in the mines. 

7 ) 1 . Cr\stals, stalactiti*s, or stalagmites of cupreous melanterite, 
containing from 4 to 12 ]>er cent, of cop])er and from 2 to 10 per 
cent, of zinc. Often mixed with earthy matter, so that the copper 
is reduced to from 1 to 3 per cent. This is sent at once to the 
washing-tanks, under the name of “ vitriolas.” 

7 ), 0 . Porpyhry and slate, containing grains or veins of iron- 
pyrites ; slightly cupriferous (“ cstcril ”). 

The yarieties 7>, c, and d appear to reveal much as to their mode of 
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origiD. In c we have, I think, the original pyritous schist or 
mineralized bands of the PaloBozoic slate. 

The following analyses of the pyrites from different parts of the 
mines will give a very good idea of the composition of the ores as 
selected for various pur])oseB, as ell as of their freedom from vein- 
stone 's^hen well selected. For comparison 1 add two analyses (P) 
from a neighbouring mine where the “ banded ’’ structure referred 
to above is very well marked, 

L. M. N. O. P. 

Export Calcination S.m l^'ilou al La Majada. 


ore. ore. PioniMO. ^’orte. s 

1878. 1880. lb8J. 1881. ConipacL. liaiidod. 

Sulphur 4S-f)S r>0-10 47*2.1 50*00 40*50 17*00 

Iron 41*01 42*S(> 42*15 41*(;5 4o*()0 25*00 

Copper 2*0(> 2*20 4*40 2*25 2*02 4*42 

Lead 1*47 1 uiidoter- f 1*2() trace. 

Zinc 0*02 j mined. \ 0-2-1 trace. 

Copper sulphate .. 0*12 0*20 trace. trace. 

Oxide of copper . . 0*50 trace, trace. trace. 

Arsenic 1*00 o*02 tt-Ol 0*25 0*40 0*47 

Antimony o*o() o-lo trace. 

Alumina, bismuth, 1 

manganese, thal- . , , . . , 

-IT 1 u > traces, traces, traces, traces, traces, truces, 

hum, nickel, cobalt, j 

lime, and magnesia. J 

Silica and insoluble . o*^'' trace. 2*40 2*02 2*14 22*00 

Sulphate of iron .. o-.lti trace tiace. 

Moisture o*(>5 O-iJO 

Oxygen and loss .. o-72 2*24 1*42 2*22 


100*00 100*00 100-00 J)t)*25 07*49 

Silver from | oz. to 1 oz, per ton in all. (lold from 8 to 1 1 grains per ton' 

All the above arc samples (tf well-mixed ores. I add opposite 
a scries of analyses ot picked specimens, norn* of them, however, 
distinctly crystallized. <4 i*' chah op}rite, of a good yellow colour, 
soft ; K is grey ore, i\itli a good grey colour, and ralluT liarder than 
usual ; S, white iiyrite^, vei\ light-coloured, a mass of minute 
cry’btals, very hard ; T is gah iia, suhcrystalliiie and normal in 
appearance ; U, lead-mineral, fine-grained, gny, and granular. 

The pyrites-deposits at Rio Tiiito are four in numlx*!*, known 
respectively as the ]S"orth lode, the South lode, llie San Dionisio 
lode, and the Valley lode. Of these, the South lode is tliat wliich 
was worked extcnsi\ely hy the Spanish Ooveriimeni hefore the 
mines were taken over hy the ])rc'5cnt rompany ; it is now chiefly 
worked as an ojxm cutting. Tin- thin hranclHs or veins seen at 

This bnmll j>ro])orlion of gold lain liillierto rc4'ih*d all rllorts lo recover it 
at « profit, except uh regardn n small portion <4 llie ore treated at Widiies and 
in Oerinany ; yet it is \\ortliy of remark that the U-rrenm at Rio 4'into, which 
we may take in round numberH at r),(XM),(K)n tons, eontaiii more than tons of 
gold, reckoning only 8 grains to the ton. The quantity of gold raised annually 
from the jiyrites deposits of the Sierra Morena cannot be less than a ton and a 
half. 
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Quebranto Huesos are, I think, connected with the eastern end of 
the South lode, while San Dionisio may be regarded as an extension 
westwards of the South lode. This and the North lode have been 
entirely opened up by the present proprietary, nothing having been 
done upon them since the Boman times until about the year 1878. 
The Valley lode is not yet opened up. The North, South, and 
San Dionisio lodes all show abundant evidence of very extensive 
work by the Romans, and even of still more ancient works ; but 
as this paper is designed to deal only with the geological and 
mineralogical features of the district, and not with the mining 
operations which have been carried on from time to time, or with 
those which are now being carried on, I need not further refer to 
these points, except to draw attention to the scries of enlarged 
sections given (figs. 3-8, p. 2(J0), all of which refer to what is 
known as the South lode *. 


Q R S T XJ 

Sulphur 33*04 24*63 52*81 15*82 40*89 

Selenium .... trace. 0*10 0*13 

Iron 31*72 12*21 46*12 2*21 36*24 

Copper 31*68 (>2*50 (.Ml 0*01 4*30 

Arsenic 0*01 0*03 0*23 0*01 0*10 

Lead 0*02 0*14 trace. 80*41 11*37 

Antimony trace. . . . 0*40 0*20 

Zinc 0*10 trace. trace. 0*14 6*66 

Rismuth trace. .... 0*21 0*04 

Silica and insol. . 0*15 0*02 0*10 0*02 0*21 

00*72 98*03 99*37 99*33 100*14 

Silver 0*033 0*010 0*005 0*015 0*015 

Gold Ill all a few grains only to the ton. 


The jM(in(iai\i‘Sc-lodi‘s , — A system of fissures having the same 
general directions as those larger ones u*hieh contain pyrites, occurs 
in tho imnu'diate neighbourhood of these latter ; indeed, the man- 
ganese -fissures often seem to be merely branches of the pjTites- 
fissures. Like them, they are frequently bounded by slate on one 
side and by porphyry on the other ; but pretty often they have slate 
on both sides, although they are never found far from masses of 
porphyjy. Occasionally they are entirely in ])orj)hyiy. The veins 
vary in width from an inch or less up to several yards. Unlike the 
pyrites-veins, in whicli siliceous di'posits are conspicuously absent, the 
manganese-veiiis are generally very highly silicified, the walls being 
often converted into excellent jas])er to a considerable depthf. 

The maiigauese-ore itself is .sometimes very siliceous, but otherwise 
a fairly pure but hard variety of pyrolusite, assaying over 86 per cent, 
of peroxide of manganese. A great number of these veins occur in 

* A list of the various minerals \^liic*b liave been met with at the Rio-Tinto 
mines, comprising lliirty-tljreo bpccies, is given by me in the ‘Mineralogical 
Magazine,’ vol. iv. pp. 211-21(>. 

t An analysis of one of these jasjior bands from Bella Vista has been given 
p. 249. 
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Kgs. 8-8. — (hm^edims of the South Lode at Bio Tinto^ showing 
profiles of the ground removed. (Scale, 1 to 7500.) Fig. 3. Sec- 
tion at San^Inocente Shaft. Figs. 4-8, respectively 150, 200, 300, 
350 metres to the East 


Fig. 3. Fig. 4. 



Ferrufjmous l>r< (cia, ainl go/zan 


the neighbourhood of Rio Tinto ; but at present none of them are 
being worked, although a great lnan^ of thoiu wore in active 
operation some ten }cars since. The slate in the neighbourhood is 
generally of a purplish colour; sometimes it con tains a scries of 
concretionary kernels or “ejes’’ of cobaltiferoiis oxide of man- 
ganese, as shown in the sketch (tig. 0), which is taken from a 
specimen occurring a little to the west of Rella Vista. 

In the pj rites-region mineral veins other than those of cupreous 
pyrites and of manganese arc extremely rare and of comparatively 
little importance. A few veins of load, copper (oxides, sulphides, 
and carbonates), of blende, and of other minerals are known to 
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exist in the quartz-syenite ; and some of these could certainly be 
worked to advantage by Cornish methods if the country were more 
fully opened up by roads and railways ; but I reserve for the present 
all further reference to them. 


Fig. 9 . — Slate with Kernels of Cohaltiferous Oxide of Manganese 
near Bella Vista. 



4. Conclvsion. 

A coiisidoration of the facts here brought forward leads to the 
following conclusions : — 

1 . As to ilu Stratig rajdnj of the District ; — 

(rt) Th(‘ slat(‘s are ot late Devonian age, but they include in some 
places j)ortions of still older clastic rocks, which have not yet been 
rocogni/cd in the neighbourhood in situ. 

(/>) The slates, in ]miis, like the well-known “ Kupferschiefer of 
Mansfeld, ^^ere oiiginally highly pyritous and cupriferous; but 
being int erst ratified ^>^11 ordinary yb.s-/(?oaoia//((-schists, they are 
plainly much older. 

(c) After the slates had liecn deposited and upheaved, they were 
cut through b\ great masses of sAcnite. As this syenite ranges 
pretty nearly with the present strike of the slate, it is probable that 
this latter had been folded into its ehiel sMicline.s and anticlines 
before the intrusion of the syenite. The slaty cleavage, too, which 
now correspondN generally, but not invariably, Avith the bedding, was 
also produced previous to this intrusion, but may have been since 
increased. 

[(1) lloth slates and syenite have been penetrated by veins and 
masses of diabase. In the slates the diabase otten follows the 
stratitication for considerable distances and then cuts across at a 
very obli(iue angle, the mean direction being E. to W . In the syenite 
no such prevalent direction of the diabase veins is observable. 

(e) The porphyries are distinctly intrusive in the slates, and not 
actually int(TStratifiod with them, although they often appear to bo 
so. A kind of selective nietamorjihism has, indeed, converted some 
Q.J.G.S. No. 163. IT 
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of the stratified beds into a rock resembling the more schistose 
varieties of the porphyries ; but proofs of the distinct noss in 
origin of the porphyritic schists and the schistose porphyries are 
abundant. 

(/ ) The conversion of certain bands of the slates into chert or 
jasper was anterior to the appearance of the porphyries, since the 
cherty bands are traversed by them similarly to the slates them- 
selves, and since the “ fault rock ’’ contains fragments of the former 
enclosed within its substance. 

(g) As the porphyries were intruded into the stratified rocks long 
after these had been tilted up into their present position (/. e. nearly 
vertical), and as their composition, on the whole, is so similar, it seems 
not unlikely that they are actually composed of the nielted-up lower 
portions of the synclinal curves. 

(?i) While the ])orphyries were still in a semi-pasty condition, the 
pressures in directions normal to the strike probably continued to 
act, thus producing their markedly schistose structure parallel to the 
schistose structure of the stratified I'ocks. 

(i) The intrusion of the porphyry took jdact' at a period so distant 
as to allow of immense denudation. We in fact see at tlie surface 
what was brought into its present condition at great depth. 

2 . As to tht Ore-di'jVtsiis : — 

{J) The o])ening of tlie main fissures took ])lace along ilie lines of 
contact of dissimilar rocks, I. <. along lines of least strength. 

(/.•) The proc(‘ss of filling-in these* fissures was, as regards tlie 
pyrites, more chemical tliaii meclianical ; hut still not (‘iitirely 
chemical. The great Midth of tin* fissure's in certain place's is he*ie, 
as elsewhere, more ajjparent than real. On the one hand there seems 
to have hc'cii a gn-at coiicciitialion of pyritous matter in solution, 
]irobably derived from ])re-exihting p\ritous schists, into the nie)re 
open parts of the tissurcs ; and oii the other a gradual removal, 
probably by the very vsamc solutions, of much of the earthy matter of 
the enclosing slates, so as gradualh le> ])r(>eliic(‘ a large mass of very 
pure ore. The fact that schistosi* structure is often visible in the 
interior of great masses of the ]>\ rites apjicars to me to l)c in favour 
of this theory of tlieir mode of formation. The force of crystallization 
itself, too, may liave enlarged the cavities continuously by ]>res8ure 
against the softened wall. 

(1) Tliat the solutions circulating within the fissuj-es liad solvent 
powers is evidenced by the softening and kaolinizatioii of tlie rocks 
in the neighbourhood of the pyritous masses. Silica find lime appear 
to have been remarkably alisent from these solutions ; bat in tlie later 
vein-fillings the former has been deposited to a small extent, and 
sometimes accompanied by sulphate of liarj’ta. 

(vi) That the fissures were seldom really open to any great extent 
is, I think, indicated by the rarity of distinct find well-formed crystals 
of pyrites. At the same time the existence of fault-rock in the 
imiru'diate neighbourhood proves that o]>en fissures must have existed 
at one time. 
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(n) The formation of rich veinlets or ‘‘ leaders ” of ore within the 
masses has been the result of subsequent operations, probably at very 
many different times. These veins appear to occupy faults and 
shrinkage-cracks, and to have been gradually filled by a segregation 
of substances from the main masses of pyrites. 

(o) Abundant evidence of numerous movements within the masses 
of pyrites is afforded by the numerous slickensides which are every- 
where and continually met with. 

( ;?) The formation of the ironstone-beds which now cap the Mesa 
de los Pinos and other hills, although immeasurably more recent than 
that of the pyrites-deposits, took place so long ago that deep valleys 
have since been excavated through the iron-ore ; and the general 
level of the country has been so altered that the ancient lake-deposits 
now exist as hill-tops, 

3. As to the Surface-Geology : — 

The broad features of the geology of the district, which have been 
descri])(‘(l above, are very evident to any one who has studied the 
relation *5 between geological structure and scenery. The slate- 
regions, which for the most part form the lower lands, genei'ally 
consist of a series of low hummock)’^ hills of a very bare and unin- 
teresting as]K*ct; but occasionally the more silicified bauds rise 
into sharp ridges of a rugged appearance, which, in the transverse 
\ alleys, arc sometimes extremely picturesque, as in the gorge leading 
up to the Cam })0 Frio “ digue ” The jasper- and manganese-bands, 
too, are generally evident as distinctly purple stripes in the otlierwise 
dull lead-coloured country. The barrenness of the slates seems to be 
duo to their vertical condition, to the great and long-continued heats 
of summer, and to the absence of springs. The vegetation, where 
there is any, consist s generally of the dull dark-green foliage of the 
gnm-cistus. The valle\s juid watercourses, on the contrary, where 
the effects of the long summer drought are less felt, are usually filled 
with oleander bushes, whos(‘ abundant pinkish-red flowers mark out 
the topography in a very striking and beautiful manner. The por- 
pliyries are scarcely move clothed with verdure than the slates, but 
the hills arc much higher and more irregular in form, and the ground 
is generally strewn with rongli greyish fragments of the rock. The 
.ispliodel, a ]>almetto, and little scnibhy acacias are more frequently 
to be seen in the j)orpliyr} -tracts. The diabase has much richer 
vegetation, with many olives, oaks, and cork-trees, the surface 
between the trees being covered with brown and rounded fragments 
of dccomi)()sing diabase, while the rock-cxposures are often markedly 
spheroidal or even columnar. The syenite has a very similar vege- 
tation to the diabase ; but the country rock is greyer, and the hills 
crowned with loose rocks, which often remind one of the granite tors 

* At Eio Tinto a reservoir of water, shut into a natural hollow by an arti- 
ficial wall or bank, called a “ Digue *' or a “ Dam ” indiscriminately, although, 
of course, tlie terra is only projxTly (o be aj)plied to the enclosing masonry or 
earthwork. 

u 2 
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of Cornwall, but of course without their refreshing green turf-sur- 
rounding. 

In the imraediatc neighbourhood of the mines the natural 
barrenness of the mining part of the Andevallo is greatly heiglit- 
ened by 

(1 ) The destruction of vegetation by the sulphur-smoke from, at 
llio Tinto alone, the volatilization of about 20u,000 tons of sulphur 
per annum ; 

(2) The destruction of brushwood and timber for the use of the 
mines ; 

(3) The removal of the unprotected soil by the occasional heav}' 
rains. 

The climatal conditions have led to a much more rapid denudation 
than is observable in countries like England, and it will be readily 
understood that they have been greatly aided by the teinporaiy 
conditions noted above. 

In the height of summer the surface-rocks of this region are often 
heated to 16o® F., or even more during the day, while the coming of 
a wind from the nortli will sometimes reduce the temperature of the 
same rocks to during the night— a range of at least 90° in perha])s 
eight or nine hours. These alternations of temperature have, in 
some cases, caused the scaling-off of thin lasers of }>or])}iyry, diabase, 
ironstone-breccia, and other rocks from the more e\po^('d masses on 
the hilltops and in the broader valleys in a most peculiar manner. I 
have x>ickcd up pieces of the ironstone-breccia measuring at least 
8 inc'hes across, with a thicknes^' not exceeding tliree (piarters of an 
inch. In some spots the rocks have acquirc‘d, from this cause alone, 
rounded forms, which might easily be supposed t o result from glacia 
tion, while the flakes of rock cover the ground around to a depth of 
more than a foot*. 

It will be readily believed that disintegration, (‘sj)ccialiy of the 
schistose rocks, j)rocc(‘d8 very rajudly under such conditions as these. 
FurtluTmore, in the neighbourhood of the rock-junctions, a great i)art 
of the surface-slate, and even th(* ])or])hyr} , is so decomposed as to he 
commonly us(*d as a kind of fire-clay {hurra). The occasional heavy 
rains of spring and autumn, falling upon a ground so i)rcj>ared, act 
with extreme (mergy and produce very mark(‘d eff(‘cts, a single storm 
sometimes cutting out channels several yards in d(*pih. These facts 
should be taken into account in forming an estimate* of the time 
required to produce a given amount of denudation, as, for instance, 

^ The finest example of Uhh “ jiseudo-glaciation ” wliich T ev(*r saw occurred 
in the ironstone-breccia l^ing on the top of the bill a little to the S.E. of No. 4 
abaft on the North Lode; and at fir.M I felt pretty hure that here, at least, T 
had met with a real glacial polisliing— the angular ])ieees of (ptartz. with their 
ferruginous cement, were smoothed off' so wonderfully, liut ] soon saw hero, 
as I hati seen on other occasions, that tlierc were no ice-scratches and that the 
apparently polished surfaces met each otlier in sliarp re-entrant angles in sucli 
a manner that tliey could not fio^sihly ha\e been produced by friction. More- 
over, the 8tone» were surrounded with bushels of thin flakes of jirecisely similar 
chameter which had peeled off from time to time, some of them being nearly a 
foot across, with a thickness of considerably less than one inch. 
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•with regard to the relative ages of the successive ferruginous lake- 
deposits. Greatly as they differ in altitude, it is probable that their 
difference in age would not exceed a few thousands of years. Un- 
fortunately, however, we have no fossil e\’idenoe on this point, since 
fossils have only as yet been found in the one deposit of the Mesa 
de los Pinos. 


EXPLANATION OF PLATE VI. 

Fig. 1. Map of the Kio-Tiiito mining diatriet. Scale ioJoo* 

2. Section across tlio Rio-Tmlo mining district. Scale tzrooo- 


Discussioir. 

Mr. F. Fowler inquired why Mr. Collins attributed the iron- 
ori' forming the outcrop of the pyrites-vein-deposits to the action 
ol‘ lakes. lie believed they were due to decomposition of pyrites. 
With regard to the qu(‘stioii whether the deposits of pyrites arc to 
be characterized as veins or masses, he believed them to be veins, 
as they never cut out in de2)th ; they often narrow, but open out 
again. Mr. Collins had omitted to notice that all the veins crop 
out in great depressions, due, probably, to enormous faults. The 
greater the depression the greater the width of the vein. 

Mr. Kjxro agreed with Mr. Collins as to the iron-ore deposits 
being lacustrine in their origin. They were stratified, and contain 
the remains of jdants lie also was inelincd to class the masses of 
jiy rites at Uio Tin to as veins. 
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27. On the Geological Position of the “ W f:ka-pass Stone ” of New 
Zeajand. By Captain F. W. Hutton, F.G.S. (Hoad Juno 25, 
1884.) 

The northern pai-t of Ashley County, in the Province of Canterbury, 
is, to the zoologist, one of tlie most interesting districts in New 
Zealand ; for, as Dr. von Haast has truly remai’ked, it “ offers us the 
key to \inravel the relations in which our young Secondary and old 
Tertiary beds stand to each other.'* And as aU the more import ant 
of the Xew-Zealand coalfields belong to one or other of these groups 
of rocks, the district becomes highly im[)ortant from an economic 
point of view. 

The district in question is bounded on the north by the Hurinui 
River and on the south by the Waipara River, so well known to 
geologists as the locality whence PL aiomurvR avsfralin, Owen, was 
obtained ])y ^Ir. (^ockbiirn Hood. It is crossed by the railway and 
road from Christchurch to Xelson, which hcie ])ass over a low 
range of hills b} meanh of a depression called the AVeka Pass, which 
gives the name to the limestone that forms the subject of this 
paper. In it there occurs a white, flaggy, argillaceous limestone, 
kjiown as the Amiiri limestone, which at both the ^\'aipara River 
and "NVeka Pass lies conformably on green sandstones. All geologists 
who have visited these localities agree that the Amuri limestones 
and the green sandstones are parts of the same rock -system, which 
is called the AVaipara System by Dr. von Haast and myself, and 
forms part of the Cret aceo-tertiary System of Dr. Hector and the 
officers of the Geological Survc} of Xcw Z(‘alaml. This AVaipara 
System is coiibidcrcd to be of Cretaceous age, because the green sand- 
stones contain reraaijis of marine Saurians and rest conformably 
on beds of coal and shales, containing leaves of dicotHedonoius Angio- 
sperms, that form the bas(‘ of the AVaii)ara System. 

Above the Amuri limf'stone, both at the AViiiparn and AV(‘ka Pass, 
comes an arenaceous limestone, usually with small green grains 
scattered through it, called the AVeka-])ass Stone. It is of a 
yellowish white colour, but weathers white like the Amuri lime- 
stone. Above the AVeka-pass Stone is a irrey sandy marl, and 
above this, again, come thick beds of pale yellowish sandstone, with 
bands of shelly and coral limestone. These hast ])eds, lying a])ovo 
the grey marl, are acknowledged by all Xew-Zealand geologists to 
be, probably, of Up})er Eocene or Oligoceiu' ag(\ They are the 
Mount-Brown beds of the Geological Survey, and form the upper 
part of the Oamaru System of Dr. von Haast. and myself. 

So far all arc agreed; but opinions differ as to uhero the line 
separating the AA^aipara System from the Oamaru System should ])e 
drawn. Dr. Hector and Mr. M‘Kay think that it should be taken 
between the Grey Marl and the overlying Mount-Brown bods ; Dr. 
von Haast would make it between the AVeka-pass Stone and the 
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Grey Marl ; while in my opinion it lies between the Amnri lime- 
stone and the Weka-pass Stone. On this point Dr. Hector says 
that ho cannot satisfy himself “ of any stratigraphical break be- 
tween the Amuri limestone and the overlying grey marls ” ap- 
parently placing the Weka-pass Stone with cither one or the other. 
Mr. M-Kay s.tys, “No doubt there is a considerable difference in the 
character of the fossils found in the calcareous green-sands [i. e. 
Woka-j)a88 Stone | and those in the underlying Saurian beds ; but, 
even admitting Ihe conformity between them, this is to be expected: 
Stratigraphically, I could find no conclusive evidence of uncon- 
formity, and if the Weka-pass calcareous grt'en-sands belong to the 
Waipara beds, no unconformity can bo conceded as far as the upper- 
most beds of the Mount-Brown Scries f. Dr. von Haast says that 
in the northern parts of Canterbury the green sandstones of the 
Waipara are overlain by “ chalk marls, or chalk-like limestone” [i. e, 
Amuri limestone |, which is huceeeded by a glauconitic calcareous 
sandstone | /. e. Wcka-])asH Stone 1, and which is the highest bed of 
the series lie allows that a break sometimes, as at Weka Pass, 
appears to occur between these two calcareous rocks ; but he argues 
that this is only apparent, because the upper beds are always con- 
formable to the lower, and in some localities there is a gradual 
passage from the one to the oih('r. He does not, however, name 
those localities. 

Such are the views hold at present by those geologists who have 
visited the district. The object of this pa])eri8 to bring together alt 
available evidence on the position of this divisioml line. But before 
doing so it will be bettor to give the geographical distribution of the 
beds with which we are coneorued. 

(iiLOGTUi’iiicvL DisTainriioN of Bocks. 

The //jvo? sandatoiies and other associated rocks with acknow- 
ledged C’retaceous fossils extend from near (’apt Oamphell, on C’ook’s 
Straits, along the east coast of the island, to the Ilurinui, and then 
trend inland to the Middle Wai])ara and the Malvern Hills, lying 
betw(‘C‘n the Waimakariri and Bakaia rivers. In no other pait of 
New Zealand are they known witli certainty, and in no other part 
have any Cretaceous iiiarine Saurians been found. The Amuri 
Jimesfotu occurs near ('ape (’am])hell, and going southward, is found 
at various places along the east coast as far as !Motunau, and again 
at Weka Pass and the ^Fiddle W^aii)ara. Further to the south it is 
quit(‘ unknown, except ])ossil)ly in the Ih'clissie ha&in on the Wai- 
makariri §. In the North Island i1 has been recognized by Mr. 

* ‘ Ooologioal Boports/ lS7.'>-7-4, p. l^uhlhlH'd in 1S77, 

1 ‘ Cilcological Reports/ J87-I-7(», n. ISec also Trans. N. Z. Institute, ix. 
(187(1) p. 583. 

{ ‘ ecology of Oantorbury * * * § (1870), p. 207. 

§ T1io elialk-marls inontioned by Mr. M‘Kay at ICakahu and Parcora, in 
South Oantorbury (Gool. Reports, 187()-77, p. (>1), appear to be different. Dr. 
von Haast considers them, correctly I tliink, as belonginglo the Oamaru System 
(Qool. Canterbury, p. 300). 
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M‘Kay at White-rock station on the oast coast of Wellington. At 
Amuri and Kaikoura this rock contains flints. The Weha-^mss 
Stone is largely developed in the Weka-pass district between the 
Waipara and the lluriuui, and it forms a large part of Mt. Cass. 
North and south of these rivers it is not certainly known, but it is 
generally thought to be the equivalent of the “ Ototara Stone ” of 
Oamaru, and of the Cobden limestone of Greymouth. The (/rey 
Marl* extends north from the Waipara through Weka Pass, 
Motunau, Conway lliver (*?), Amuri Bluff, Kaikoura Peninsula, and 
perhaps to Cajjo Campbell. The Mount^Brown beds are ^\c\\ de- 
veloped through the Weka-pass district : but beyond this their ex- 
tension is uncertain, although no doubt tliey have equivalents in 
many parts of Xew Zealand, j)rincipally in the south. 

It will thus 1)0 seen that the country bet\vt‘cn tlie Waipara and 
the Ilurinui is the only district in which idl tive rocks can be seen 
together. The Saurian beds, the Amuri liuK'stone, and the grey 
marl extend to the north as far as Cook's Straits. But tlie W'eka- 
pass Stone and the Mount-lirown Ix'ds do not follow them, but find 
their equivalents more in the south. 1 will now examine the 
geological relations between tliem. 

SrRATIGRAPIIICAL PXl DRS C'l!. 

Middle Waipara. — Dr. Hector report('d, in that ‘•white 

and yellowish caleart'ous sandstones i.e. Mount-Brown bedsi rested 
unconformably on tlie lower rocks ’’t. He did not distinguish be- 
tween the Grey Marl, tlie Weka-jiass Stone, and the Amuri lime- 
stone, but considered them all as a •' blu(*-grey niarh' sandstone 
sometimes passing into clialk." Siibse(juently Dr. von Haast 
divided these rocks into a *• Weka-pass Series " | including the 
Amuri limestone and the Weka-pass Stone i, “ (’uculhea-beds ’’ { /. c. 
Grey Marlj, and Mount- Brown SiTics"’!. Ho agreed with Dr. 
Hector that an unconformity (‘xisted between the Mount-Brown 
beds and the Grey ^larl. and made anotluT unconformity belwoen 
the Grey Marl and the Weka-i»aas Stone. In 187B 1 distinguislicd 
the Amuri limestone from the Weka-pass Stone, showing that the 
latter passed at its ba^e into a thin laj'er of calcareous gr(*(‘n sand- 
stone, which j’e>ted on a water- worn surface of the Amuri limestone. 
I also pointed out that the apjmrent unconformitic.s were deceptive, 
and due to a fault (fig. 1) ; and that in reality the Weka-j)ass Stone, 

* Called Leda-marls ” by Dr. Hector (Trans. N. Z. Inst. vi. (187(1), ]>. .‘riG), 
and by Mr. M‘Xay (Geol. Beports, 1874-70. p. 178). This iiaiiic has bf*eii 
applied to various rock.s in wide] \ sc jarated localities in New Z<*alaiid. Dr. 
Hector now puts tlie “ bcda-marls ” a.-, llic equivalent of' the Amuri limestone 
(Gcol. Reports, 1877-78, ]>. 19.'}), and makc.s it quite di.slinct from I he grey 
raarls of Weka Pass and Amuri Bluff; as also does Mr. M'Kay in the Trans. 
N. Z. Institute, ix. (187f)), p. 583. The so-called “Leda-marls” of Raglan and 
th(‘ Lower Waikato, arc probably of about the same ago as the Weka-pass Stone. 
Under tbeso circumstances, I think it is better not to use the name. 

‘Geological Reports,* 1808-09, p. 12. 

t ‘Geological Reports,* 1870-71, p. 14 
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the Grey Marl, and the Mount-Brown beds were all conformable 
This explanation of the district has not since been called in question 
by any one. 

Pig. 1. — Section across the lUver Waipara, (Distance 6 miles.) 


N. Boby S. 

Waipara. Cr<n*k. Fault. Mt. Brown. 



1. Hokanui Sandhtone. Grey Marl. 

2. Groeii Sandstones. | Waipara Sy- (>. Mt -Brown beds. Oaniaru System. 

3. Aiuuri Limestone, j stem. 7. Pareora Sj stem. 

4. Weka-pass Stone. S. Pleistocene gravels. 

Wclca Pass . — In my report of 1873, just mentioned, I said that 
here, as at tlio Waipara, tlic Weka-pass Stone rested on a water- 
vvorn surface of the Amuri limestone. As the correctness of this 
statement has been denied, I again visited the locality last December, 
but found no reason to alter my former opinion. The great masses 
of limestone which are seen on the west side of the road in the centre of 
the pass, and on both sides near the northern end, belong to the Weka- 
pass Stone. 'File Amuri limestone liardly shows in the pass, but is 
exposed in a cutting made by the Weka Greek, a little to the north 
of the railway-viaduct (fig. 2), where both railway and road cross 
the stream, about a mile and a half from the north end of the pass, 
or two miles and a half from the '\\’^aikari railway-station. Here the 

Pig. 2 . — Section aloiuj ^Yeha Pass. (Distance 4 miles.) 

N. 8. 

Viaduct. 



stream has cut a small gorge on the east side of the railway and 
parallel to it, in which the junction between the two rocks is clearly 
exposed. This is, 1 believe, the only section in the neighbourhood 
in which the actual junction of the two rocks can be studied. Both 
rocks have licre the same dip, but they are easily distinguished. 
The Amuri limestone is n white, rather argillaceous, much-jointed 
limestone, in thin parallel beds, and the exposed surface has in con- 
sequence a shattered appearance. The Weka-pass Stone is a pale 

* ‘ Geological Eoports,’ 1873-74, p. 44 (published in 1874). 
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yeJlow or whitish arenaceous limestone with scattered green grains, 
which get more abundant near the base but are never sufficiently mime- 
it>a8 to give it a green colour. The exposed surface is honeycombed, 
&UiB strongly contrasting with that of the Amuri limestone. A close 
inspection shows that the upper surface of the Amuri limestone is 
much broken and fissured, the Weka-pass Stone penetrating into 
the fissures for a distance of one or two feet, with an abrupt division 
between the two rocks. Also rounded pebbles of the Amuri lime- 
stone are found in the AVeka-pass Stone witliin six inches of the 
junction, but not higher. These pehhlcs are not concretions, as hfis 
been supposed, for they arc exactly similar in composition and 
structure to the Amuri limestone on which they lie, and arc (juiie 
different in appearance from the concretions found in the green 
sandstones underlying the Amuri limestone. Evidently we have a 
waterworn surfiice, and therefore, as the nature of the up])er 
rock excludes the idea of cliemical erosion, wo have an uncon- 
formity. In addition to this the Weka-pass Stone overlaps the 
Aumri limestone to the north and rests on the slate rocks of Mt. 
Alexander at Hurinui ; and as neither rock is a shallow water 
deposit, and as the Amuri limestone extends far north of the 
Hurinui, this overlap is another proof of uneoiiforinity. Over- 
lapping is also seen in other jdaces as mentioned in niy report pre- 
viously alluded to. 

Motiniav Rivtr, — I have not examined this section myself, hut 
Mr. M^Kay says, that near the north-east part of (’ass range 
there is a syiicline, in which the Marl is seen overlying the 
Amuri lime-toiu* ffig. :0. On the west side of this synclino the 


Fig. 3. — S(di'm (trrn.a tin Snitth Rrnnch of Moitninv Vred' 

r M'Katj). 

W. E 



Grey Marl, containing here Pn h n ZitteJll rests uiieoiiformably on 
the lower beds of the Waipara System, while it j)}isscs uj)wards 
into the Mount-Brown ])edst. Nevertheless, Mr. ^BKay thinks 
that this apparent relation of the (irey !Marl to the IMoimi-Brown 
beds is not real, because more to the north-cast the Grey ]\Iarl is 
interhedded with the upper • portion of the Amuri limestone t ; 

* Pcctcn ZitielU, Hutton, is the samp as the belonging to the group 

Vleuronecfea, in the palffiontcdogj of the voyage of the ‘ Novara,’ pi. ix. f, ♦*{. 

t ‘Geological Report.s,’ 1870-80, p. IIJJ. 

t His section, however, shows the Grey marl as unconforrnable on th(! Amuri 
limestone, as well as on the older Waipara }>pds (see /ig. 3). and at the 
Amuri limest-one is unconformablc on the Waij)ara beds. 
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which/^ he says, “ must convince any one that the conformity to 
the Mount-Brown beds in the south-west branch of the Motunau 
River is only apparent.’^ I confess that I cannot follow this 
reasoning. It seems to me that these sections, if they are correctly 
interpreted, show an unconformity between the Amuri limestone 
and the lower beds of the Waipara System, and a regular sequence 
from the Amuri limestone into the Mount-Brown beds, although 
the WeJea-pass Htme is absent » But probably Mr. M‘Kay has here 
mistaken the Weka-pass Stone for the Amuri limestone, a very easy 
mistake to make : and if this is the case his sections will agree with 
those in other localities. 

Stonyburst , — This place is on the sea-coast, a little south of the 
mouth of the Ilurinui. Hero the Amuri limestone is overlain by a 
grey sandstone, probably the representative of the Weka-pass Stone. 
Between the two rocks is a bed of conglomerate formed by sub- 
angular pebbles of slate. At first sight all three appear to belong 
to one system ; but a close inspection shows that the surface of the 
limestone is fissured, and that the sandstone penetrates through the 
conglomerate intb the fissures of the limestone. This, however, may 
be due to chemical erosion. 

llmr CoHivay , — Some ten or twelve miles from the mouth wo 
again got an excellent S('ction in the bed of the river (fig. 4). Here 


Fig. 4 . — On the South Banie of the Conway Elver, 
(Distance ^ mile.) 

B.B.E. • N.N.W. 



For explanation sec fig. 1. 


the Amuri limestone is seen to be somewhat folded, and overlain 
quite nil conformably by a bed of blue marl passing upwards into 
pale yellow sandstone As will be seen later, the fossils found 
in this marl make its age rather doubtful. 1 believe it to be 
the same as the Grey IMarl of the \Yekn Pass, but it may be younger. 
Dr. von llaast sa}s of this section, Tlu' lowest limestone layers have 
been deposited without disturbance, but seem afterwards, on the 
western side, to have been folded up in a most remarkable manner, 
after which newer beds of the same rock have again been deposited, 
reposing un conform ably upon the lower beds. This fold does not 
occur on the opposite, eastern, side, but the unconformity between 
the ui>pcr and lower beds exists there also " t. The fossils, how- 
ever, show that the upper rocks are much younger than the Amuri 


* ‘Geological Roporls/ 1873-74, p. 48. 
t * Geological Be]>orts,’ 1870-71, p. 40. 
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limestone npon whict tliey rest, and the unconformity thereforo is 
not due to local causes, but is the result of a general denudation. 

Here we get another section showing the Amuri lime- 
stone covered by the Grey Marl (fig. 5). Dr. von Ilaast thiiiks that 

Fig. 5 . — Section tliroiujli Amur! South Blnff, 

(Distance one mile.) 

E. w. 

Sea. 



5 .J 1 

For expluiuitioii tee ilg. 1. 


the Grey Marl (called JiCda-beds) has, at the South Bliiff, been 
deposited in sequence on the Ainuii limestone ' ; l>ut he makes a 
difference in the dip of the two rock.s. For in liis section h<* .shows 
the limestone dipping E. , and on p. ilS of his report ho says 
that the Grey Marl dip.s S.E. to . At the same locality I 
found, like Dr. von Ilaast, that the Amuri limestone dii)]>ed E. 70°, 
and that the Grey ^laii in contact with it dipj)ed E.S.E. 45°, 
gradually changing to S.T. 15°; thus indicating an unconformity, 
although the actual jum tion of the two rocks not seen. 

According to Mr. !M‘Kay, a bed of green-sand conglom(‘rate ” 
comes bet\^een the Amuri limestone and tlie Grey ^larl, wliich he 
supposes to represent the AVeka-pass Stone t. lie has no doubt 
that all are conformable and belong to oiu‘ system, but he makes 
the Amuri limeslono to dij) E.S.E. 45° J, and the Grc} Marl to dip 
S.E. 45" to 15°. He aEo show.s that the Amuii lime^loiu' tliiiis out 
in a di.stanc'e of about a mih% from 050 leet at Soutli Bluff to 530 
feet at Amuri Bluff, while the underlying beds belonging to the 
AVaipara System retain their thickness, or even get thicker §. In 
a bed of argillaceous limestone with flints, which cxtemls from tlie 
AYaipara to Cai)C Camjibell, this rapid local thinning in the middle 
of its length looks much like the result of denudation. 

Xo fob.sils had been de.seribed from tlie Grey Marl at this locality 
when 1 wrote my report, and 1 placed it in th(‘ Paroora System 
(Miocene) because the rock.s in the Ooinvay W(‘re supposed to be of 
that age. Since then Dr. Ilcctor has found l\vtcn ZitteUi and other 
fossils in it wEich would make it jirobalily tlic same bed as the 
Grey Marl of the AVoka Pass. 

♦ ‘Geological Reports,’ 1870-71, p. 57. 

f This is the “ Fucoidal limestone” of Dr. Ilcctor (Gool. Reports, lR7.‘{-74, 
p. xi), which he places below Wcka-povs Stone (Gool. Rejiorls, 1877-78, p. 11)2). 
Mr. M‘Kay obtained bones of Pafa'cnOi/pfcs anfanficvh, llu\l(‘y, from it. 

J Judging from tliis dip Mr. M‘Kay appears to confeiiler as Amuri lime- 
stone the same beds that I consider to be Grey Marl , and this may account for 
his statement that Pecten Ziftelli occurs in the former rock. 

I ‘ Geological Reporte,’ 1874 -70, p. 178. 
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Kaikoura Peninsula . — This is perhaps the most satisfactory of all 
the sections along the coast, as both the Amnri limestone and the 
Grey Marl arc clearly exposed in sea-cliffs, especially at the eastern 
end of the peninsula. Dr. von Haast gives sections, running east 
and west from East Head, showing the Grey Marl (called Scalaria^ 
beds) resting quite unconformably on the limestone, and he de- 
scribes the marl as much younger than the limestone and often 
unconformable to it*. In my report (1873) I gave a section of 
East Head (fig. 6), running in a north-east and south-west direction. 


Eig. 6 . — East Head of Kaikoura Peninsula. 

(Distance one mile.) 

S.W. N.E. 



which is merely a sketch of the cliffs as seen from the sea, and 
which quite confirms the opinion of Dr. von Haast. Dr. Hector, 
however, denied the correctness of these reports, and Mr. M‘Kay 
subsequently gave a section showing the two rocks apparently con- 
formable f , but in his report he makes no allusion to the subject, 
and does not even mention his section. 

The true position of the beds is, however, quite clear and un- 
mistakalde by any one who will walk round East Head. But as 
further evidence may be necessary, 1 give from my note-book the 
plan and section of a junction, a few yards long, between the two 
rocks, as seen on the sea-bcach on the south bide of the peninsula 

(fig. 7). 

Eig. 7 . — On South Beach of Kaikoura Pemnsnla. Plan and Section 
showimj junction of Anmri Limestone and Gretf Marl. 


Plan. 



Section. 



Fur explanation see fig. 1. 


* ‘ Geological Reports,’ 1S70-71, p. 43 ; sections >ii. and viii. 
t * Geological Reports/ 1874-70, p. 170 ; section A A. 
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3?0 Ibflsils have been found in the Grey Marl here, but no doubt 
it is the same rook as the marl at Amuri Bluff, about 13 miles 

C^ndmions . — ^The following conclusions can, I think, be fairly 
drawn from the evidonce : — 

1. The sections at Waipara, Weka Pass, and Motunau River all 

show that the Grey Marl passes up conformably into the 
Mount-Brown beds ; and these are the only described 
sections in the whole of ]^cw Zealand where the relations 
between tliese two rocks can be studied. 

2. At the Motunau River the evidence is clear that an uncon- 

formity exists somewhere between the Grey Marl and the 
lower beds of the Waipara System, 

3. At Kaikoiira Peninsula (and probably at Amuri Bluff and 

River Conway) the evideiiee is clear that the break is some- 
where between tlie Grey Marl and the Amuri limestone. 

4. At Waipara and Wcka Pass the (ir(*v !Marl j^asses downwards 

conformably into the Weka-pass Stone. The same is pro- 
bably the ease in the ^lotunau River; and these are all the 
descnb(‘d sections in A*ow Zealand where the relations be- 
tween thcNC two rocks can be studied. 

5. At Waipara and Weka Pass (and ])robably at Ston\ hurst) tlio 

Weka-j)ass Stone rest> on a waterworn suiTacf^of the Amuri 
limestont‘. In th(‘ Weka-]*ass district tin* Weka-pass Stone 
overlaps tlie Amuri limestone, and Mr. M‘lvay*s section of 
tbc^lotumiuRiver ]>vo])abi\ show*, that it n sts un{‘ontbnnably 
on the lower 1 k*(1s of tb<‘ Waipara System. 

Conscijueiilly llie break in t’nc bueec^slon must ])e between the 
Weka-pass Stone and tlie Amuri limestone. 

Pal.koxtou) ,ical Kvinnx’i:. 

As it is necessaT'y to re-trict ourselves to the desei*iljed fossils that 
have been found in tin* di^triet ineliided in the seetions, and not to 
take in any from sii])po>ed (UjuivabMits of the rock'^ elsewhere, the 
palaeontological evidence is limit (‘d. 

The Ahinri Jinusfotv' in almost untbssiliferous, at jiny rati* it con- 
tains no charact(*risTic fossils, but it is always associated witli un- 
derlying rocks containing remains of marine Saurians Jind ^Mesozoic 
Mollusca. Mr. M‘Kay says that at Amuri Bluff it contains the 
same fossils as the Grey ^larl Imt the only evidence of any value 
that he gives is the finding of Picfai Ziltelli^ Hutton, in the Amuri 
limestone. 1 have already hinted that this shell may liave come 
from the Grey Marl, wdiere it was found by Dr. Hector ; but if its 
occurrence in the limestone should l^e eontirmod, it would merely 
lessen the value of P, Zittelli for corredating rocks ; as this species 
passes up into the Pareora System (^Iiocen(‘). 

* Trans. N. Z. Institute, ix. p* f>83. 
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In the WeJcorpaBs Stone the following fossils have been found: — 
Hones of Cetaceans, Voluta ehngata^ Hutton, Scalaria rotwnda^ 
Hutton, Sfruihiotaria senea, Hutton, Pecten ffochetetteri^ Zittel, 
Meoma Crawfordi^ Hutton, Sehizaster rotundatus^ Zittel, and Flar‘ 
helium circulare^ Tenison-Woods. All these are also found in other 
parts of New Zealand in beds generally admitted to be of Upper 
Eocene age ; and Dr. Hector even mentions Struthiolaria senex, 
Pecten Hochstetteri^ and Meoma Crawfordi as characteristic of the 
Upper Eocene rocks *, Pecten llochstetteri passes up also into the 
Pareora System, and Flahellum circidare into the Pliocene beds 
of Shakespeare’s Cliff at Wanganui, in Wellington Province. None 
of them are known from the Waipara System f. The palason- 
tological evidence is therefore altogether in favour of the Weka-pass 
Stone belonging to the Oamaru System. 

In the Gref/ Marl^ Dr. Hector has found Pecten Zittelli in the 
Weka Pass J and at Amuri Bluff, and Mr. M‘Kay has found it at 
Motunau Biver together with Dentidiam tenne^ Hutton. FlabeJlum 
laticostatuw^ Tenison-Woods, has been obtained from the Weka Pass. 
All these fossils occur iu other places in rocks belonging to the 
Oamaru System. Pecten Zittelli was originally figured by Zittel 
from rocks which both he and Dr. von Hochstetter considered as 
Oligoeene or Upper Eocene. None of them are known from the 
AVaipara System unless P, Zitulll extends into the Amuri lime- 
stone. The Grey Marl must therefore be placed in the Oamaru 
System. 

From the marl in the Conway Jlivcr have come Natica solida^ Sow., 
Solenella australis, (luoy and Gaiuiard, Solenella, Salicornaria im- 
mersa, Tenison-Woods, Scolamfia [Hirvbupta, Tenison-Woods, and 
Balano/fhiflUa alta, Teiiison-AVoods. Of these Solenella australis is 
still living, aiid JWifica solida is common in the Pareora System. 
It has also been obtained in the AVeka Par>s, but from which rock is 
unknown. There is nothing here to connect this bed with the Grey 
Marl at Weka Pass and at Amuri Bluff, and its age must for the 
present remain doubtful. 

The paleontological evidence is therefore decidedly in favour of 
the AVeka-pass Stone and the Grey Mail belonging, with the Mount- 
Brown beds, to the Oamaru Syhtem. The Amuri limestone is 
allowed by all to belong to the AYaipara System, but as it is almost 
iinfossiliferous, there is no paheoiitological evidence as to its proper 
place. It is, however, always associated with rocks of admitted 
('retaooous age: while beds containing tlie same fossils as those from 
the AVeka-])ass Stone are found in many ])laces in New Zealand 
from which no rocks containing generally admitted Cretaceous fossils 
arc known §. Consequently the pala'on tological break must ho be- 

* ‘Q-eological Keporta/ 1878 7»), p. 7(» ; and ‘ Handbook of Jfew Zealand,, 
2na ed, 188:1, p. 28. 

1 Such is ni\ improsbion. The Cretaceous IVlollusca of Zealand have 
uot yet been described. J ‘ Geological Beports,’ 1873-74, p 10. 

^ The following are cvaniples: -Lower Waikato District in Auckland, 
Golden Bay in ISelson, Hrightou on the west coast of the 8oiith Island, the 
south-oastorn ])ortion of tlie Canterbury Province, Oamaru in Otago, and 
Wiuton in Southland. 
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twmi the Amori limestone and the Weka-pass Stone, exactly where 
the stratigrapluoal eyidence plaoes it. 


In his ‘ Progress Eeport of the Geological Survey of New Zealand * 
for 1881 (p. xxii), Dr. Hector has given his reasons in favour of a 
Oretaceo-tertiary System, and I gladly reproduce them so that both 
sides of the case may be taken into consideration. He says, ‘‘ The 
objections which have been suggested against the present classifi- 
cation appear to rely for substantiation on the fact that the fossils 
of certain localities are not in every respect those found in other 
localities, and thus, while the Cretaceous age of the bods in some 
districts is not disputed, in other localities the coal series, although 
lithologically the same in character, and closed by IkkIs acknowledged 
to be the equivalent of those terminating the admit t('dly Cretaceous 
rocks, are, on account of a more Tertiary aspect of their fossils, pro- 
nounced to belong to a younger formation. In Northern Canterbury, 
as far south as the Kakaia lliver, the coal rocks are overlain by 
fossiliferous strata, wliich, besides tlie Plesiosauroid reptiles for 
which the W’aipara district is famous contain a few ^k'condary 
genera, such as Bclemnites^ Aporrlmis, Inoceramvs^ and Triyonla ; 
but the great mass of the associated molliiscan fauna agrt'cs witli 
that of the coal rocks in other parts of New Zealand, w’here the 
specially Cretaceous forms are rare or absent from the fossiliferous 
horizons immediately overlying the coal-seams. If, thert'foro, after 
eliminating the comparatively few fossils wliich form th(‘ jicculiarities 
of two localities, the bulk of those remaining are found to be the 
same, there need be no hesitation in considering strata showing the 
same succession of like characters in iU ditferont divisions as be- 
longing to tlie same series ; and, if in any one of those* localities tlicrc 
is evidence that the beds are of Cretace^ous age, tlie othcT must bo 
regarded as of that age also. But if, in addition to this, there l)c, 
in those localities where the lower beds lack fossils proving their 
Cretaceous age, a presence of Cretaceous forms in the* higher bods 
of the same series, the correctness of the correlation will in this 
way be corroborated. It is partly by evideno(‘ of this kind that the 
Cretaceous age of several of our coal-bearing areas is sought to bo 
establi'^hed.’’ 

But in tliis argument there is, 1 venture to think, a fallacy. It is 
no doubt true that the coal of the Waijiara is overlain by green sand- 
stones and calcareous rocks of Cretaceous age, and tliat th(*se are again 
overlain ]>y other calcareous rooks containing fossils of Tertiary 
aspect, such as Ferfm JIocliHlftlerl and I\ Zitfrlfi. But it is not ac- 
knowledged that these latter terminate tlu* ('retaceous rooks. On 
the contrary it is asserted that they form a distinct scries, separated 
physically and pal jeon tologically from the Cretaeoous System, and 
belonging to an Oligocene System. Conseciui'iitly it is not admitted 
that the great mass of the Molluscan fauna associated with marine 
Saurians at Waipara “ agrees with fhal of the coal-rocks in other 
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parts of New Zealand.'^ Por this statement can only be supported 
by taking the fossils of the Weka-pass Stone and the Grey Marl, 
together with their equivalents in other parts of the colony, such as 
the Ototara and Cobden limestones, as belonging to the Waipara 
System. I judge this to be Br. Hector’s meaning, because a Uttle 
Ihrther on he says, “ The Cretaceous character of the Echinodermata 
found in the Cobden limestone, also present in the Ototara stone, 
warrants the reference of these beds to a period anterior to that of 
any Tertiary deposit in the islands, the oldest of which is at least 
[? most] Middle Eocene, and separated by unconformity from the 
underlying beds.” But passing over the Tertiary Mollusca asso- 
ciated with these Echinodermata, I cannot admit the Cretaceous 
character of the Echinodermata themselves. Up to the present, six 
species have been described from the Cobden limestone, belonging to 
the genera Macropnemtes, Eupatagus, Meoma, and Schizaster, It 
was with reference to these very fossils that I wrote in 1873, in 
the introduction to the ‘ Tertiary Mollusca and Echinodermata of 
New Zealand,’ that “ an examination in the field of the Culverden 
beds * showed me that these also must be transferred to the Ototara 
group, and the Weka-pass building-stone to the lower part of the 
same formation. This necessitated the transference of the Cobden 
limestone also into this formation, tJnis eliminating froM the Waipara 
formation most of its Tertiary-Joolcing fossils^ It must also be 
remembered that Pecten ZiftelH occurs in the Cobden limestone. 

As the Mollusca of the AVaipara System have not yet been de- 
scribed, 1 may be mistaken : but my impression is, after looking 
over tho collections in the ditfereni Museums, that if the line be- 
tween the Waipara and Oamaru Systems be taken immediately 
above the Amuri limestone, hardly any species of Mollusca, perhaps 
not a single one, will be found on both sides of it ; whereas if it 
be drawn anywhere above the lVeka-x>ass Stone there must always 
be a large number of species found on both sides of it. 

1 have already stated that no characteristic fossils have been de- 
scribed from the Amuri limestone itself, and consequently an 
equivalent in any other part of New Zealand can only be demon- 
strated at present by showing that it contains fossils characteristic 
of the other beds of the Waipara System, or that it rests conformably 
on bods containing such fossils ; and in the latter case the proof 
would not bo conclusive, as the Oamaru System might appear con- 
formable in some places to tho Waipara System. 

Again it is true that the Coal at Whangarei and the Bay of 
Islands, in the Province of Auckland, is overlain by green sandstones 
and limestones containing Pecten lloclisUtteri^ P. Zittelli^ &:c., and 
that all belong to one system. But it is on the assumption that the 
coal and groon sandstones at those places are of the same age as 
the coal and green sandstones at the Waipara, that the argument is 
based for considering the beds containing fossils of Tertiary aspect 
to belong to a Cretaceo-Tertiary System. But lithological resem- 

♦ Called Jurassic by Dr. von Haast and Prof. M‘Ooy, Geol. Eeports, 1870- 
1871, p. 29. 

Q.J.G.S. No. 163. 
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blanees can have no weight when opposed to paloeontologica 
evidence^ especially when the localities are 450 miles ai)arl. Anc 
if it has b^n proved that there is a break in the Weka-pas« 
district between the Cretaceous beds and those containing Tertiar} 
fossils, then the coal and green sandstones at Whangarei must hi 
referred by their fossils to a Tertiary and not to a Crotaceo-Tertiarj 

as these fossils arc assumed to belong to a Cretaceo- 
Tertiary System, so long will Dr. Hector ])e right in sajing that 
“the classification of our Lower Tertiary and V])j)er (‘r(‘ta(*eoufi 
deposits is a problem of con>idera]»lo difiiiulty.'* Hut let the line 
of division be taken where the seclion.s in the A\'cka-j>aNS district 
show it to exist, and I think the problem w’ill be found ea[)al)le of an 
easy solution. 
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28. Chilostomatotts Beyozoa from Abdinga and the Rivbr-Mtjeray 
Cliffs, South Australia. By Aethue Wm. Watees, Esq., 
F.G.S. (Read February 25, 1885.) 


[Plate VII.] 

The fossils described in the present paper were collected by Professor 
Ralph Tate, who kindly sent them over to me for description. 
With a few exceptions, they are from Altoga, or the “River- 
Murray Cliffs.” A few small and imperfectly preserved specimens are 
from a bore-hole in Adelaide, representing a find which seems to 
have considerable geological interest. They are evidently from a 
clay matrix, and belong to species common in the clay of Curdies 
Creek. The collection furnished various Cyclostomata, which have 
already been dealt with in a former paper (Quart. Journ. Geol. Soc. 
vol. xl. p. ()74). 

As a considerable number of Australian fossil Cliilostomata have 
already been described, wg naturally find many old friends ; but 
there are also several new forms of extreme interest, especially as 
bearing upon the question of the various modes of growth of the 
Cliilostomata. The previous collections have furnished a large 
number of instances of a s])ecies growing in both Eschara- and 
Lcpraiia-foriiis, and we again find new examples of this, among which 
Memhrnn) i>orci rlnfacliota^ Busk, in the Eschara stage, is especially 
interesting ; and there are examples of already-known Shiittice and 
Mimoponlltt’ occurring in a reticulate form ; but this time the chief 
interest is in a number of specimens which grow in a cupulate 
manner, which wo might either call Cupularia- or Lunulites-form, 
and for convenience we will adopt the latter. There is Lepralia 
edu.r in this form ; a MlcroporelJa for Tshich the pocilliformis 

is pro]) 08 ed ; and, further, a second MicroporelJa^ which was named 
b} Mr. Tenison-Woods Lmitiliies matfna ; also Menibranipora aperta^ 
Ihisk, in this form. We arc already acquainted with Owmdipora 
framihunlca, Rss., which is a MicroporeJla growing in a solid form. 
^tichopora chfpeata^ Rag., and LiuiuUtes GoJdfiissi, Hag,, are both 
^Membraniporidac ; CcUepora crustulenta, Hag., has zooecia similar to 
those of SeJinana inaculata^ Busk; LimidiUs Hincks (Cone^- 

chardllita coniccu Hiiswell)* is a species of the BchizoporcUida) ; CeU 
lepora tridentiadata. Busk, found by the ‘ Challenger’ expedition in 
the lamellar condition, is represented by several fossil specimens, 
some of them in the most regular Lumdites-ioTm., Another CelJe’- 
pora also occurs in this shape. 

The genus Cellepora is, even when well-preserved recent specimens 
are available, a most difficult one to deal with, and with fossils where 
the terminal portion of the cell is often only imperfectly preserved 
the difficulty is immensely increased ; but after repeatodly returning 
to this genus the results obtained are interesting. In a paper On 


* These two names were piiblislic»d in tlio same year, and I 
out at present which has precedence. 


am unable to find 

x2 
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the Use of the Opercula in the Determination of the Cheilostomatoue 
Bryozoa I figured the opercula of some CeUejyorce, and pointed out 
that the “ opercula may assist very much to bring this family out of 
its present confusion.’’ Mr. Busk took up the idea, when working 
at the ‘ Challenger ’ Bryozoa, and the results he obtained are of great 
value ; and I may say that my own collection of opercula indicates 
that many difficult genera may be brought into order by the study 
of the chitinous organs. 

The opercula are, of course, wanting in fossils, but the exact know- 
ledge of the oral aperture thus gained may nevertheless be used. 
In comparing recent with fossil species it is most impoitant to 
study the opercula, and in describing this series of Australian col- 
lections such comparison has always been made when possible. 

In tho Cdlejmw the shape of the zocceial or vicarious (Busk) 
avicularia t is of great value ; but I must hero repeat what I have 
already said (Quart. Journ. (leol. 8oc. vol. xxxix. ]). 424) regarding 
other genera, namely, that the presence or absence of these avicularia 
cannot be made a speeitic character. Among several speeimems of 
recent Cillepora alhirostris from tlie Semaphore, Adelaide, there arc 
some in which tlie vicarious avicularia a)K)uiKl ; in one or two I do 
not hnd any ; AA’hile in other cases, after searching over a large part 
of the colony in vain, a part is found where ten or tu elve may come 
under the held of the microscope at the same time. Similar condi- 
tions obtain in recent (\ irhlenticiflata from the same locality, and 
among the fossils we find the same thing ; for in one large block of 
this Species only one aviculariura was found afttT a complete search* 
among many thousand zoa‘cia. In the present paper thc‘ vicarious 
avicularia are hgured of Monojiortlla Si\van(fohtrls, corres])onding 
with those already known from European localiticN, thus sliowing 
that it had heen rightly determim-d hefon* these* avicul.'iria were 
found. Many speciriiens of Celia ria (laf/asdloha have Jiow been 
examined ; hut it seems that a\icularia have ojily ])een found in two 
cases. In the Australian fossil Mtnihranijiura Miehaadlana only one 
has b(‘en found. In Mivroponlla tlerata nuKst interesting lateral 
zooecial avicularia are now for the first tiiiu* made known. As 
bearing upon this subject, it may ]>e mentioned that in rec'xaiuiniug 
my collection 1 was surprised to find in M( lahranijtura Diuuerilii a 
vicarious avicularium, so that here is a case of a common Me)nhraiii-‘ 
pora in which none have previously liccn found now yielding an 
isolated example J . 

Only a short time ago tlie presence or absence of these organs was 

* Manchester Lit. k Phil. Soc. vol. x\iii. j». 8, pi. i. 

t These zoa*cial avicularia have been iianted “ onychocellaria ” by Dr. 
Jullien ; and it is doubtful whetlicr it would not liave been better to adopt 
this than to give a new name. Tlie mandible lie then names “ on^choccllium.” 

J Mr. Busk, in his paper “ On the Use to be made of tho Chitinous Organs” 
&c., describes a slender process rising from tho middle of the base of the avicu- 
larian mandible, and this he terms the “ coluTiiolla,” and hero and in the * Chal- 
lenger* Eeport, p. xix., says that it only occurs in one division of the genus 
CcUepora, and in this division “ only in those belonging to the southern hemi- 
sphere.** This is by no means the case, as it is to bo found in Cellcpora 
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made a generic test, and the tendency still remains to attach great 
weight to their absence ; but the instances furnished in this and , 
former papers show that great caution is necessary here, though 
certainly when present they furnish characters of the greatest value. 
Their presence also often materially changes the general appearance 
of the colony, and no doubt many reductions of supposed species will 
have to be made, just as entomologists have frequently found that 
the male and female insects have received different names. We 
ought now to give greater attention to the nature of each character 
than to the general appearance of the zoariura, which often super- 
ficially varies greatly when young or old and from different depths. 

Hince my last paper was published the most valuable and interest- 
ing ‘ lioport ’ on the ‘ Challenger ’ Bryozoa has appeared, in which, 
as we expected, !Mr. Busk puts into our hands a series of s^dendid 
illustrations and concise descriptions. In this place we can only 
consider tnose parts which liavo a bearing upon the fossils found in 
Australia, and the number of rejucsentatives of this fossil fauna is 
not so large as we expected, but we find Farina coronata, Rss. 
{Escliara gracilis, Busk), Schizoporella phymatopora {Myriozoum 
Itonolalnise, Busk), Cellepora albirostrls, C, tri(leittkalata,QXi<i Mono- 
porclla crassatina, W., all of which seem to have been common 
fossils. It will be seen that the generic names used are not in every 
case the same ; and we may point out that Mr. Busk has, of course, 
abandonc'd the classification which he found it convenient to adopt 
thirty-two years ago, before the labours of Smitt, Jliiicks, and 
others had shown f hat the zooecial characters must be taken as of 
most importance. It is not, however, astonishing that Mr. Busk 
should now and then show a predilection for a style of classification 
not quite in accordance with the thorough changes which some of 
us feel must be adhered to ; but these are now matters of detail, 
as the main modern principles arc recognized, and we may say all 
leading authorities are now working in the same direction. 

As instances, the divisions of the families Membrauiporida) and 


sardotiica, \V., from tlie ModiU*rrancuii, and in C. corono2)Us, C. reiu>m, var. 
cammafa, and other spvie?. Mr. Busk {h/c. cif. p. OO, note) seems to have 
looked ill vain in C, HU'domca for it ; but perhaps he only examined the oral 
iivieularia, in nhich none are to be found, whereas in the Muall semicircular 
muudibles it is readily distiuguif.hed. On referring to a drawing of a mandible 
made when describing C. t^ardomca some years ago. 1 find that there is a large 
columella shown, and U])on reexamination 1 find them usually quite distinct, 
though in some other species they are but rudimentary. Tn many species there 
is a denticle in this position rising from the calcareous bar which divides the 
avicularium, and this is shown in niy figure of C. sardouica (Ann. & Mag. Nat. 
Hist. aor. 5, vol. iii. pi. 14. fig, o), and maybe seen in C. cdhiros*risy C. fridenti- 
cuktfa, various Rcicporcp, Lepra lia edcuv, &c., being by no means confined to 
Cellepora. It is thus seen that it may sometimes be a useful character in de- 
termining fossils. The mandible of Diachork niageUanica, Busk, has a double 
“ columella.’’ 1 think that it will bo found that what Mr. Busk describes as 
“ short hairs ” on the columella are only the remains of the attachment of mus- 
cular threads. The subject of the avicularian mandibles I have dealt with 
more fully in a paper which will appear in the Journal of the Royal Micro- 
scopical Society, ser. 2, vol. v. pt. iv. 
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Hicropoxida^ eoein siugiilarly unfortunate, although, no doubt, 
hranipora must bo broken up, not merely because it lias become 
unwieldy, but because species are included in it in which there are 
important diflerences of organization. It seems clearly advisable 
to include in one family only those forms in which the operculum 
is fixed in the flexible membrane covering the zoa^cial area (opesin, 
Jullien), as in Manbrampora angulosa, M, memhranacea, &e. ; 
whereas those like Micropom taiclfera^ Busk, which have a “ com- 
plete ” operculum placed in a corresponding aperture with a cal- 
careous border should he jdaced in another family; but in the 
* Report ’ Am phihh strum caju nse^ Busk a species in which the aper- 
ture is entirely closed by a thick operculum, is ])ut among the 
Membraniporidje, a family in which the calcareous apcMlure is 
opesia], and not oj)orcular. Then again, under the ^Microporidas we 
find as tyjie the genus whicli always has an ojicreular 

oj)ening ; next, the genus Vinnilaria^ in which there is an opesia, 
and in the memiu-anous cover an operculum closely rcsemiding 
those i)£ ^liiiihratiqiora atuptlosa^ R^s., Sihnaria umcuhttu^ itc., 
while Stifjunoportllu has opercular apertures. 

Both Jlnmbiriu and Eacharu are genera that have included widely 
divergent forms, and on the cylindrical, or erect bilaminar, mode of 
growth the genera have been based ; therefore it is much to be 
regretted tliat they have been revived. Two species of Ksvhara are 
described. E, eli f/aniuht^ Busk, as to the position of which we may at. 
present withhold judgment ; and E, Busk, a species wlncli 

is found in all stages, from a very delicate V’nwulariaiovm. to large 
flat foliaceous growth, and which in this and former ])aj)er8 is called 
Porina coronatu^ Rss., a determination ])ased ujxm direct compari- 
son with typical P. coronatu from the Italian l^Iiocene, wdth recent 
specimens sent over by Mr. Haswell, and with a considerable 
scries of Australian fossils. The divisions of the family Escliarida' 
are partly based upoii the mode of growth, which is interesting for 
momentary classification, if we do not forget that the form is often 
BO variable that we might almost call it accidental. This variability 
can be seen in (Jrlbriluui monoceros^ C. terminuta, and over a hundred 
other species. 

Jli/riozoum is a name given by Donati to the living erect cylindri- 
cal M, truHcatcnn, wdiieh has some structures so different from those 
of the majority of the Chilostomata, that it is doubtful if it shouhl 
not be placed in a separate division. The central spongy structure 
is entirely w’anting in the species wdiich Mr. Busk now^ places under 
Myriozoum^ but i)robably all the ‘Challenger’ s])ccies will be found 
to fall into existing genera. J/. hotwhdvuae is really in the lleino- 
scharine stage, and is, in tlu present and previous papers, called 
Schizoporella pthymatopora, M,simpliX is known as Cdhpora mar- 
yaritacea, Pourtales, but cannot remain with the CelhporcB, The 
name of M, immersum must be changed, as it is very near to a species 
called OncTiopora immersa by Mr. Haswell. 

Mr. Busk proposes a genus AdeoneJla for forms which have pro- 
This I ha^c from Algoa Bay. 
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viously been placed under Microporella^ and as many occur fossil 
from Australia and other places, it becomes necessary to give especial 
attention to this new genus. It would certainly seem that a number 
thus placed have marked characteristics, which make it advisable to 
separate them ; but Mr. "Busk has certainly overlooked important 
points, which make it necessary to reduce his list very largely ; for 
some have a median pore entering into the zooecial cell, while others 
have a jiore or opening above the opercular aperture, and every one, 
whatever his ideas of classification, will admit that this is a most 
important distinction, placing them in different families in spite 
of a certain similarity in general aj)pearance. The importance of 
noticing the position of the median pore or opening 1 pointed out 
(Quart. Journ. Geol. Soc. vol. xxxviii. p. 269) when considering 
Ponna larval ut, MacG., and this distinction is recognized by Mr. 
Busk when creating the genus Ilaswellia. My own collection is not 
very rich in these groups, but nevertheless is ample to study them. 
Adeonella platalea^ Busk, for which I am indebted to Mr. Haswell, 
who sent it over as Kscliara 7t(.ra(/o7ialis, is a most characteristic 
Adeonella, with oral o])erculum and avicularian mandible correspond- 
ing with Mr. Husk's figure, and here the i)ore enters into the peri- 
stome juht above tlie operculum, which is placed very low down. 
Adeomlla pohji^foynella, Itss. {Pseliara Pallasii, Heller), living near 
Hai)les and elsewhere in the Mediterranean, and fossil from the 
Miocene and Pliocene, has the characteristic operculum of the 
Adeonella group, and the central pore opens above the oral aperture, 
so that when a ;voung cell is examined, there is no pore, but one is 
afterwards formed by the growth of the peristome which at an early 
stage bridges over the front, just as figured by Mr. Busk in Smitfia 
jacohensis (pi. xix. fig. 7). The oral aperture of Adeonella poly- 
stomella has ii sinus which is seen through the central pore. Micro- 
piorella violaaa, Johnst., which Busk would now include in a 
genus liejyfadi onella , huvS a true median pore which enters into the 
zooocial cavity, and is formed when the zooecium is in an early 
stage. It also has an operculum with a straight edge, similar to 
that of M icroporella ciliata, «fc:c. 

From 31 r. Husk's figures and from specimens collected near Capri, 
it is clear that Microporella disioma is not an Adeonella, nor is M, 
coscinopora, llss., Avhich is distinct from 3/. distoma, M. lichtnoules, 
M.-Edw., and M.fissa, Ilincks, have also the median j)orc8 opening 
into the zooecial cavity, and must at present be united with Micro- 
porella, though possibly they ma)" some day be placed in a separate 
genus. This loaves us with uhleonella polymorpha, B. : A, platalea^ 
B. ; A, intricaria, B. ; A, atlantica, B. ; A, pectinata, B. ; A, poly- 
stomella, Bss. 

Seeing that the median pore of the MicroporeUidm, and the central 
pore oi Adeonella are structurally different, and that the oral aperture 
and operculum in the two families have different shapes, we feel sure 
that it merely requires this to bo pointed out for Mr. Busk and 
every one else to see that they cannot bo placed in the same genus : 
for it would be going back in classification if we were to be misled 
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by general appearance when the two most important characters are 
utterly different. 

Mr. Busk frequently refers to the enlarged ooecial cells without 
giving figures, which is much to be regretted, as such cells are not 
always to be found, and in no species of Adeonella have I over seen 
any. In A, 2 >ohjstom ell a the border cells are slightly larger and have 
but seldom an avieularium, and in many Cretaceous fossils with an 
Escharine growth the border cells are frequently larger than the 
central ones without there being reason to suppose that they are 
modified cells. The finding of a polypidc {he. eit, p. 1 7S) in an ovicell 
is ^o entirely at variance with all our previous conceptions, that we 
should have been glad to have had fuller particulars and figures. 

The collection hero described furnishes Til species, of which 4() are 
known living, bringing the iiuml)er of Australian fossil Bryozoa de- 
scribed uj) to of wliicli just about half have been found living. 
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trifolium, var 

II. Micropora patula., Waters 
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17. Hcnangularis, Goldf. 

IH. Stenfiyiopurflla rnaguilabns, B 

19. Ko/ieri, var. indu-a, if. 

20. Cribrilina radiata, Moll 

21. figulari'i, Johnst 

22. temuTiata, IVaffrn 

23. MucronoUa ruucronata, Sm 

24. nitida, Vernll 

25. coccinea, var. mamillata, B. . . 

coccinra, v. resupinatajil/a;!;; 

27. Microport'lla griaea, Lamx 

28. coscinopora, var. armata, W.. 

29. violacca, Johnsi.^ var. fissa, Jl 

30. aymmatrica, Waters 

.31. ferrea. Waters 

.i2. pociUiformis, sp. nov 
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34. magnirostria, AlacQ 
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1, Cellaiua malvinensis, Busk. 

Salicornaritf malvincmL% Busk, C^at. B.M. p. 18, pi. Ixiii. figs. 1,2; 
])1. Ixv. {his), fig. 1 ; ‘ Challenger ^ llep. Zool. pt, xxx. p. 91, pi. xii. 
figs. 1, 5, 7. 

Cdhiria malvinemis, Waters, Quart. Journ. Gcol. Soc. vol. xxxvii. 
p. 321, pi. xiv. fig. 3. 

iSalico maria immersa, T. Woods, Corals and Bry. of Neoz. Per. 
in Now Zealand Colon. Mus. & Geol. 8urv. 1880, p. 27, fig. 27. 

There are a few small fragments of Ccllaria from the Biver- 
Murray Clifls, and in only one piece is there a zooecial avicularium. 
This avicularian cell is of the same shape as a zooecium, but is slightly 
smaller, with a wide avicularian aperture. Possibly a second species 
is also ropresontcd. O, inalvineusis was found by the ‘ Challenger ’ 
widely distributed in the southern hemisphere in depths varying 
from 5 to 1450 fathoms. 

Loc, Living : Falkland Island, South Patagonia, Straits of Ma- 
gellan {Darwin), Six stations of ‘ Challenger ’ Exped., from Ker- 
guelen, Marion Island, S. America, Fiji Islands. Kew Zealand 
(JIntton), Port Wellington (Miss Jelhjs Coll,), Fossil; Mt. 
Gambier, Bairnsdale, Muddy Creek, Curdies Creek (Australia). 
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Nelson (from Leda marls vi.), Waipukcrau, Shalu'spoarc ( lifT (Wan- 
ganui) [New Zcfiland ]. 

2. Cellakia ANGUsTiLOB V, Ikisk ; WattTs, Qiuirt . Journ. (JooL Soc. 
voL xxxviii. p. 2()(», pi. ix. figs. 2S-;$o. 

The avicularia are all situated at the edge of the /oariiim. The 
notch noticed in the a^dculurium of th(' Moiint-tiambier sperhmens 
is not distinguishable in the Aldinga fossil. 

3. Mkmbranipora aperta, Busk. (PL VII. %. 3.) 

Memhranipora aperta, Busk, Crag Polyzoa, p. 33, pi. iii. fig. 1 3. 

A specimen from Aldinga has the zoarium conical, resembling 
Lunulites. The opesial opening is about 0*4 mBlim. long and 
0*25 miUim. broad, and the avicularia are about the same size. 
The avioularium has three openings, the upper one largo, trian- 
gular ; below this a slit-like oi>ening, and still lower down a semi- 
lunate opening : when these last two are broken down, they form 
a single opening, as figured by Busk. There is one distal rosette 
plate which is semilunate. 

This is not the Mimhranipora aperta of Manzoni (Bri. di ('as- 
trocaro, p. P. pi. i. fig. 4). 

Loc. Coralline Crag. 

4. Membranipora ciRcrL^ais, d'Orb. 

Flustrina circidaru, d'Orb. Pal. Franc;, p. 305, pi. (>02. figs. 1 1-13, 
? Memhranipora tvherculata. Busk, Crag Polyzoa, p. 30, jd. li. 
fig. 1. 

In a specimen from the River-Murray (’lifFs the /oarium consists 
of many layers, forming an irregular suhglohular nias^, but perhaps 
the colony commenced on a Celhpora, The 0 })esia arc variable, in 
some cases being (]uite round, in others subtriangular. with the lower 
edge straight and rounded, and contracted towards the top; in other 
cases the opening is more oval. ()pe>ia of average cell 0*25 
millim. long. There are two small avicularia above each opesial 
opening ; hut as the zo(i*cia arc arranged in (piincnnx, this makes 
them appear as if surrounded by six avicularia. 

Tlie structure of Fbustrina haculina, d’Orb., and F, pentar/ona is 
similar. 

Loc, Souge, pres de Vondome (Loir et Cher). Cretaceous ; Biver- 
Murray Cliffs. 

5. Membranipora kSavartii, Aud. 

Memhranipora Vnjerensu, d’Orb. loc. cit. p. 550, pi. 607. figs. 
5, 6. 

Flmtrellaria tuhnlom, d’Orb. loc. cit. p. 532, pi. 727. figs. 0, 10. 
Memhranipora svhtilimarjo, Ileuss, Bry. (Est. Png. Mioc. p. 170 
(39), pi. ix. fig. 3. 

Memhranipora LacroivU, Keuss, loc. cit. p. 40, pi. ix. fig. 8. 

? Memhranipora reticulum, licuss, Foss. Polyp, d. Wion. Tort, 
p. 98, pi. xi. fig. 25. 
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Vaginopora texiurata, liouss, loc. cit. p. 73, pi. ix. fig. 3 . 

Mtmhriinipora ^avartll^ Husk, Crag Poljzoa, p. 31, tav. ii. fig. (>. 

Bijlustra Savarili^ Manzoni, Eri. di Castrocaro, p. 38, pi. ii. 
fips. 17, 17a ; Hmiit. Ploridan Ery. p. 20, tav. iv. figs. 02-95 ; Busk, 
E(‘p. of ‘Challenger’ Polyzoa, !>. 07, pi. xiv. fig. 2. 

B\fimira delicatiiln^ Eusk, Crag Polyzoa, p. '72, pi. i. figs. 2 & 4, 
j)]. ii. fig. 7 ; Mauzoiii, Ery. foss. Ital. Contr. II. p. 4, pi. i. fig. 5 ; 
MacGillivray, Zool. of Viet, decade vi. p. 28, pi. 57. fig. 2. 

For further synoD} my, sec Smitt’s ‘ Floridan Erj’ozoa,’ to which 
list probably several fossil Memhraniponp should be added. 

I have some rather largo pieces of bilaminate Bijlustra de^icatula 
from the Crag of Leiston, in which I am unable to find any denticle 
within the lower margin, and Professor MacGillivray draws atten- 
tion to the fact that it exists only in two or three of the cells of the 
Queenscliff specimen, and is altogether absent in those from Queens- 
land. In the Italian Pliocene fossil species I do not find it, nor 
does it seem to occur in the Australian or New Zealand fossils that 
I have examined ; on the other hand, in a recent specimen, in the 
Vincularia-form, from Palm Island, it is seen in all the zocecia. 
Smitt has called attention to the inconstancy of the tubercles in this 
species ; and in a recent specimen from Penang, some zocecia have 
tubercles while others are without. The recent specimen from 
Penang has the opesia about 0*3 millim. long and 0*24 millim. 
wide, which is slightly smaller than in the fossil adnate upon aMete- 
pora either from Aldinga, or the Iliver-Murray Cliff. Bijlustra 
regularise d’Orb., from Koyan, is very closely allied, with rather 
larger opesial openings. 

Loc, Senonian of France, Miocene of Austria. Crag and Pliocene 
of England, Italy, and Sicily. Living : Florida, 29 fathoms ; Queens- 
diff (Victoria) ; Port Curtis (Queensland) ; Philippine Islands, 10 
fathoms ; Penang, Ac. 

6. Memdranivoka radicifera, Hincks; Waters, Quart. Journ. Geol. 

Soc. vol. xxxviii. p. 202. 

In a S])eeimen from the Iliver-Murray Cliffs there arc small open 
spaces between the zoa'cia. 

7. MEMRRANirORA RIIYNCHOTA, Busk. (PI. VII. fig. 1.) 

Mimhranipora rlignclwtae Eusk, Crag Polyzoa, p. 33, pi. iii. 

fig. 7. 

A specimen from Aldinga is in the Eschara-form. Tho zocecia 
have large opesial openings 0*3 millim. long and 0-2 millim. wide. 
Below the opesia there is a largo avicularium, with its opening much 
prolonged, and with tho end very narrow for the acute mandible. 
The ovicell, with a k('el down the centre and slightly depressed at 
each side, is surmounted by an avicularium. 

There has been much confusion with this species, as by an over- 
sight Mr. Busk gave a description of minax as M, rhynchota 
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(Q. J. Mic. Soc. viii. p. 125), and the fossil from Brucioli, which I 
called Bifinstra rhynchoUt, should he renamed. 
hoc. Crag, 

8. MeMBRAXIPOUA TFMPORAttl.V, Sp. IIOV. (PI. VI 1. fig. 1<J.) 

Although this Membra nipora comes very near tosovorMl sj>eci(‘s, 1 
have been unable to identify it with any, ^'ho zoooeia are very 
large, with a large opesia, al>out 0’(> millim. long, whereas in few 
species is it more than 0-3-0-4 millim. Above each zooocium 
there are two avicularia with oval openings directed outwards. 
The ovicell is small, short, and but little raised. The species in 
most particulars corresponds with J/. para, Hincks, but that has 
spines in place of the avicularia. 
hoc, Eiver-Murray Cliffs. 

9. MEMBRANiPoiLi (Amphiblestruii) Flemincii, Busk. 

Membrampora Flemlmjn, Busk, Cat. B. M. ii. p. 58, pi. Ixxxiv. 
figs. 3-5 (only) ; Hincks, Brit. Mar. Polyzoa, p. 102, pi. xxi. fig. 1-3. 

A specimen from Aldinga is growing upon a lititpora. There 
has been considerable confusion with the species, as it was at first 
made to include forms w'hich have since been separated, but the 
fossil is undoubtedly Membrampora Flemim/ii, as defined by Mr. 
Hincks. It has the six oral spines, an ovicell similar to recent 
specimens, and sometimes two avicularia ])elow the area, but more 
frequently there is only one, and this often at the end of a long 
tubular projection. In some cases this chimney-like avicularium is 
nearly as long as a zooecium. In no recent sj)(‘cimen has the avicu- 
larium lM*en found as mucli ehwated, thougli it is always raisi‘d. 

MacGillivray refers (Trans. Boy. Soc. Viet. vol. wiii. p. 120) with 
doubt to specimens “'seemingly referable to'' M, FUiattujU, from 
Port Phillip Heads, Victoria. 

IjOC, Becent ; European Seas, widely distributed. 

10. Memijkvmpokv ( Aui'iiiHLnsrKLM) ( VLiM^KiroKMis, Waters, 
(luart. Journ. Geol. Soc. vol. xwvii. ]>. 323, ]»]. xvii. fig. 74, and 
vol. xxxviii. p. 203, ]>!. viii. fig. 13. 

11. Mkmhkaxiim)Rv ( AMPiiiaLLSTUrM) PAiivicEUA, T.-Woods. (PI. 

Vll. fig. o,) 

Srlenaria pnrviceHa^ T.-Woods, Trans. J*hil. Soc. Ade]ai(hs LSSO, 
p. 10, pi. ii. fig. 10; Waters, Quart. Journ. Geol. Soc. vol. xxxix. 
p. 441. 

Some fragments from the Biver-Murray (diffs are Ixi ter prohcrvcd 
than those from Muddy Cre^'k and Hird Bock; and hcr<5 w^e see 
there was a spine, or process, over the elongate “ avicular(?) cells,’’ 
and a broad denticle within the lower margin of tlie zoajcial colls. The 
dorsal surface is granulated, with a few large pores, and is divided by 
parallel lines, which apparently radiate from the centre of the 
colony ; cro.s8-line8, which are very indistinct, divide the dorsal 
surface into zoajcial areas. The lateral rosette-plates form a regular 
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lino along the middle of the lateral walls, and correspond with those 
of IHflustra delicatula^ Busk, with which i)erhap8 this species should 
he united. 

Mr. Woods’s description and figures are from the fossil upside 
down. 

12. Membraitipoea (AMPniBLESTRUM) MrcHAiTDrAisrA, d’Orb. 

Cellepora Michaudiana, d’Orb. Pal. Frang. p. 404, pi. 604. figs. 7, 

8, pi. 712. figs. 3, 4. 

Memhranipora peimunita^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. vii. p. 151, pi. X, fig. 2 ; MacGillivray, Trans. Koy. Soc. Viet, 
vol. xviii. p. 118. 

Memhranipora falcata, MacGillivray, Trans. Roy. Soc. Viet. vol. 
ix. p. 132. 

The fossil differs from a recent specimen dredged off the coast of 
Victoria in having the zooecia and also the opesia a trifle smaller. 
The avicularium of this fossil and of the one figured by d’Orbigny is a 
little smaller than that in the recent specimens, in which it occurs 
at the base of an abortive zomcium ; at least, this is my interpre- 
tation of a very curious structure, but this does not seem to be Mr. 
Hincks’s view, and it is well worth further examination. In the 
fossils the ovicells are simply rounded, without a raised rib ; and 
this is the case in some of the ovicells of my recent specimens, while 
others have it. 

Perhaps the recent forms should rank as M, Mkhatidiana^ var. 
2 )err)iumta, on account of the small zooecia to which the avicularia 
are attached. 

Loc, Fossil : Cretaceous ; Le Mans, Le Havre, Tourtenay ; Al- 
dinga (growing oii Micropordla elcvata). Living : off Curtis Island, 
Bass’s {Straits; off Victoria (on Adeona), Schnapper Point (MacG.). 

13. Memhranipora (AMrniuLESTRra) tripoliijm:, Busk, var. peo- 

PINQUA. 

Lepralia trifoliinn, MacG. Trans. Hoy. Soc. Viet. 1868, p. 0 ; 
Prod, of Zool. of Viet, decade iv. p. 2v"<, pi. xxxvii. fig. 2. 

The fossil from Aldinga has the zooecial avicularia and globular 
ovicells descrilx'd by ^MacGillivray. The aperture (opesia) is about 
the same size as that of a Crag specimen of Mauhranipora trifolium, 
Busk, in my i)ossession, but it differs in having a zomcial avicu- 
larium (onychocellarium) and no other avicularia. The zooecia, in 
shape, are very similar to those of recent l^denaria macuJata, Busk. 
In the Report on the ‘Challenger’ Polyzoa, Mr. Busk figures as 
Ampltlhh strum umhonatum (pi. xv. fig. 66) a species or variety 
with avicularia, which is closely allied to this. 

It is strange that two forms so closely allied as Memhranipora 
trifolium, Busk, and Lepndia trifollunu ^lacGillivray, should have 
received the same specific name when placed under different genera. 

The genus Amphihlestrum may be a convenience, but, as at pre- 
sent defined, it cannot be looked upon as sharply separated, and 



290 


A. W. WATERS OK CHILOSTOMATOrS BlIYOZOA FROM 


with a large number of species it would be extremely difficult to 
say whether they should be placed in Memhranipora or Amphi- 
hlestrnm, AVe see in A. papillatiim^ Busk, that it really has a thick 
border extending inwards, and not a ])lato, as in Memhranipora 
Rosselii, As the genus Memhranipora is so largo, and contains 
such a variety of forms, it is to be hoped that otlier characters may 
be found to separate this genus more detinitely. 

Loc, Li^i^g: Queenscliff, Williamstown, and Western Port 
(^MacG,), Fossil ; Aldinga and lliver-^Iurray Clitfs, 

14. MiCRoroRA(?) PATULA, Wat CPS. (PL VI r. fig. 4.) 

Micropora putula, Water>, Quart. Journ. (xeol. Soc. vol. xxxvii. 
p, ^320. 

Sfeffanoporelht Waters, Quart. Journ. Gcol. Soc. vol. xxxviii. 

p. 265. pL ix. tig. 31. 

A specimen from the Biver-^lurra} (’liffs, in the Lej>ralia-.stage, 
is much better preserved than the one from Curdies Creek or Mt. 
Gambier, and has btdow many zoceeia a /(Kocial (?) avicularium, 
surrounded by an almost circular border, within which is the man- 
dibular area, also surrounded by a granulated border, whidi is at 
the lower end narrow, but at the disttil <*iid bt‘comes very broad. 
The avicularian opening is *imall and slit-like. Above the oral 
aperture there is a small mieellular opening. The ovic<‘ll is scarcely 
at all raided, and would certainly be overlooked if it were not for 
this small opening; but in some castes tlie front wall is broken 
away, and then the ovicell-chamber is distinctly seen. At each 
side of the ovi cellular ajierture there is a de]>ression or opcaiing. 

A similar su])raoral o])ening has been figured in Mimhranipora 
semiaperta, Iteus.s, E^eJiarimlla maralis, (Jabb & Horn, IlejifoJlus^ 
trina JulerojiOra^ G. A H., and (\U'p<>r(i J/o////, Ilagenow. 

Loc, Curdies Creek, Mt. Gambier, liiver-Murray Cliffs. 

15. Micropora perforata, M 

Menihraaipora p( rforata,^\oMi\\\\my, Trans. Phil. Instit. Yict. 
1859; Jsat. Hist, of Viet, decade iii. p. j)l. xxv. fig. 2. 

When speaking of var. chnim. Waters (f^uart. Jonrn. (ieol, Soc. 
vol. xxxviii. ]>. 5<»5), 1 pointed out that Mtmopfurlhr Jepiila, Hincks, 
was allied to M, perforata,^ MacG., hut they iinnst he sej)arat(‘d, either 
as varieties or 8p('cies, on account of 1 he nmcli more fully devtdoped 
avicularium of M, le^dda, though the ]>osition and din'ction of the 
avicularium is similar. PTom Xaj)ier, New Zealand, there are spe- 
cimens of M, ])erforata without ariciilaria, and othfws in which the 
small avicularium described by MacGillivray is ]>retty constant. In 
many zooecia in these Xa])ier fossils tliero are several pores, as in 
recent M, lepida, from New Zealand; whereas in the Aldinga fossils 
it is rare to find more than the two helow the a]>ertnre. The zoa'cia 
of the Australian fossils are very regular ; but those from Napier 
show great variation in this r(*spect, and therefon' it is very pro- 
bable that Steganoporella clongnia^ Hincks, is only a synonym. 
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Aperture about O’l millim. wide, which is slightly smaller than that 
of M. lejjida. 

Log, Living: Quecnscliff &c., Australia. Fossil: Aldinga, Mt. 
Oambier (Australia); Napier, and Tanners Eun (New Zealand). 

16. Monox*ort:lla crass atina, Waters. 

Monoporella crassatina, Waters, Quart. Joum. Geol. Roc. vol. 
xxxviii. p. 1*70, pi. vii. fig. 8 ; ibid. vol. xxxix. ]k 435. 

Lepralia Japonica, Busk, ‘ Challenger ' Eeport on the Polyzoa, 
Cheil. p. 14*3, ifi. xvii. fig. 5. 

Loc. Living: Cobie, Japan 8-10 fathoms (Busk). New Zealand 
(from Miss Jelly). Fossil : Napier and Waipukerau (New Zealand) ; 
Mt. Gambier, W aurn Ponds, Aldinga, Eiver-Murray Cliffs (Australia). 

17. Monoporella sexangularis, Goldf. (PI. VII. fig. 2.) 

Eschara sexaiKjularis, Goldf. ; Hagenow. Maast. Kreide, p. 81, 
pi. X. figs. 3, 4, 0. 

Eschara Glarlcei, T.-Woods, Trans. Koy. Soc. N. 8. Wales, 1876, 
p. 2, figs, iv.-vii. 

? Eschara piriformis, Sturt, ^ Two Exped. Interior S. Austr.’ 1833, 
ii. p. 253, pi. 3. fig. 2. 

ViucuJaria maorica, Stolic/ka, Bry. Orak. p. 153, pi. xx. fig. 8. 

MonoporeUa S( .ranijularis, Waters, Quart. Journ. Geol, Soc, vol. 
xxxix. p. 435. 

Bifinstra excavata, Manzoiii, Bri. foss. del Mioc. d’Aust. ed 
Tug. p. 07 (19), pi. xiii. fig. 14. 

There are two b>pe(‘imens from Aldinga, both fenestrate. In the 
one the fcnestrse arc about 4 millim. long, in the other they are 
7-8 millim., and in the first there are zoeecial avicularia (onycho- 
collaria), of the same sha])e as those figured by Hagenow, but without 
the great elongation. The aviciilarian opening is elongate in the 
centre of the avieiilarium. In my former paper I pointed out that, 
although identih ing it with Hagonow’s species, I had not found any 
avicularia in either ; and it is interesting to find that this character 
now justifies the determination. The oral aperture (0*22 millim.) 
is rather smaller than in the specimens from Muddy Creek &c. ; 
and ill the zooeeia surrounding the fenestrae, there is not any oral 
opening, but an elongate slit, much like the avieularian opening. 
Bcisscl describes and figures such border cells in his Eschara pulchra, 
and blind colls arc found in Adcona and other Chilostomata. There 
is also a non-reticulated sjiecimeii from the Eiver-lirurray Cliffs, which 
Prof. Tate marked Eschara pirifoimis, 8tnrt ; but the E, piriformis, 
Goldf., of the ^Maovstricht beds has ranch larger zoo'cia, with very 
largo opesial o]>ening (()•(> millim.) nearly as wide as the zooecium. 

Home are flat bilarainate e\pan8ion>, one is flattened and folia- 
ccous, while others are subcylindrical, and this Viucularia-form no 
doubt represents the Vincalaria maorica of Htoliezka ; and now that 
1 have seen these, I consider that the fossil from Curdies Creek might 
bo called var. minima or vur. iuhercnlata. 
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Loc. Orakei Bay, Now Zealand (in Yincularia-form) ; Muddy 
Creek, Bird Bock, Waum Ponds, Murray Cliffs, Aldinga (reticulated 
and also a compressed branch). 

18. Stegaeoporella magnilabris, Busk; Waters, Quart. Joum. 

Geol. 8oc. vol. xxxviii. p. 50(>. 

Prom the Kivcr-Murray Cliffs there arc specimens in the Escharan 
and Hemescharan forms. 

In S, macfnilahns the cells where division is about to take place 
are larger than the others, so that the large characteristic cells of 
SteyanoporeUa arc found to be followed l)y two smaller ones, each 
of which commences a new row. The same thing is seen in 
Bijiiistra dclicatida from the Crag, and in other species. 

With a cylindrical mode of growth, as in S, 7ieozelanica, there is no 
frequent multiplication of the rows, and no large cells are found. 

Mr. Busk, however (‘Challenger’ Beport, p. 70), points out that 
the operculum of ^leozelanica differs from that of /S', ^nagnilahris, 
which is the case, as the former has numerous irregular bars across 
the operculum, and four large teeth instead of the numerous small 
ones ; and therefore I agree witli him that they must be separated. 

Loc, Living: see loc, cit. p. and Honoruru, Sandwich Islands 
(2(>-4() fathm.) (Busk). Possil : Miocene ; Caste]gom])erto ? IMouille 
Mougnon (Cant. Yaud) ; Cardies Creek, Mt. (lambier, Bairnsdale, 
Batesford, Kiver-Murray Cliffs (Australia) : Waipukerau and Petani 
(New Zealand). 

19. Stegaxopokella Bozuut, And., var. ixmcA, ITincks. 

^teganoiwrdla llozlerl^ Hincks, Ann. & Mag, Nat. Hist. ser. 5, 

vol. vi. l^'^ib p. 379, pi. xvi. figs. 1,1a. 

Por other synonyms see Waters. Quart. Journ. Geol. Soc. vol. 
xxxviii. p. oOo. 

In the specimens from the liiver-!Murray Cliffs, the zoarium is in 
the Yincularia-form, with about eiglit series of /oo'cia round the 
axis. There is a large opcuiing replacing a zoo'ciuin, which is ap])a- 
rently the aperture of a large elongate aviculariuiri ; but from the 
state of preservation I do not feel sure about this interpretation, 
and possibly wc have here only a broken-down zooncium. There 
are no other avicularia. 

Loc, Lmng: India, Marion Islands, Holborn Islands, Darnlcy 
Islands, Torres Straits. Miocene: S<»llingen. Bairnsdale, Hi ver- 
Murray Cliffs. 

20. Cribriltna rabiata, Moll. (?«)w d’Grb.). 

Por synonyms see Hincks, Ifrit. Mar. Polyzoa, p. 18«5, and Waters, 
Quart, elourn. Geol. Soc. vol. xxxviii. p. 20.7. 

The specimen from the liiver-Murray Cliffs has eight ridges on 
each side, a suboral pore, avicularia wdth a wide base but elongate, 
scattered among the zooecia, ovicell globose, about two thirds as wide 
as the zoa’cia ; oral aperture 0-09 mm. wide. 
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Loe. Living: European seas, Madeira, Florida, Bass’s Straits. 
Fossil : European Eocene, Miocene, Pliocene, and Postpliocene, and 
Mt. Gambier. 

21. Cbibbilibta pioulabis, Johnst. 

Lepralia figularisy J ohnston, Brit. Zoopb. ed. 2, p. 314, pL Ivi. fig. 2. 
Crihrilina figularis^ Hincks, Brit. Mar. Polyzoa, p. 196, pi. xxvi. 
figs. 5-7. 

Crihrilina pJiilomela^ Busk, var. adnata. Busk, * Challenger ^ Be 
port on the Polyzoa, pt. xxx. p. 132, pi. xxii. fig. 7. 

A specimen from the Biver-Murray Cliffs has characteristic zo- 
oBcial avicularia (onychocellaria), which correspond most nearly with 
those figured for C, Jigularis, var. jissa, Hincks (Zoc. cit. fig. 8). 
This, like var. adnata, has numerous costse (nine on each side) ; more 
of the front is covered with costae than in Mr. Hincks’s figures, but 
not quite as much as in Mr. Busk’s. Oral aperture 0*13 mm., which 
is about the same as in the Australian species. 

Loc, Living : British, French, and Mediterranean seas ; Capri, 40 
fathoms ; off Clarion Islands, 50-75 fath. ; Heard Islands, 75 fath. 
Fossil : Biver-lVIurray Cliffs, Crag {Bell), 

22. Cribrilina terminata, Waters. 

Crihrilina terminata, Waters, Quart. Journ. Geol. Soc. vol. xxxvii. 
p. 326, pi. xvii. fig. 68, vol. xxxviii. p. 507, pi. xxii. fig. 6, and 
vol. xxxix. p. 436, pi. xii. fig. 17. 

A specimen from the Biver-Murray Cliffs has two or three minute 
avicularia above the oral aperture, and the zooecial avicularia are 
narrower than the one figured from Muddy Creek (Z. c. vol. xxxix. 
pi. xii. fig. 17). 

hoc. Fossil : S.W. Victoria, Bairnsdale, Muddy Creek, and the 
Biver-Murray Cliffs. 

23. Mucronella mucronata, Smiit; Waters, Quart. Journ. Geol. Soc. 
vol. xxxvii. p. 328, pi. xvii. fig. 66, vol. xxxviii. pp. 266 & 507, 
and vol. xxxix. p. 436. 

• The mucro supports an aviculariura directed forwards. It occurs 
in Eschara- and Homeschara-form. 

24. Mucronella nitira, Yerrill, 

Blscopora nitula, Vorrill, Amer. Joum. Science, vol. ix. p. 415, 
pi. vii. fig. 3 (1875). 

Mucronclla nitula, Vcrrill, Proc. U. S. Nat. Mus. p. 195 ; Waters, 
Quart. Journ. Geol. Soc. vol. xxxviii. p. 507. 

Smittia nitida, Hincks, Ann. & Mag. Nat. Hist. s. 5, vol. vii. 
p. 159, pi. ix. figs. 5, 5 a. 

Lepralia reticulata, var. incrgualis. Waters, Ann. & Mag. Nat. 
Hist. sor. 5, vol. iii. p. 41, pi. ix. fig. 3. 

Smittia trispinosa^ Johnst., var. ligulata, Bidley, Proc. Zool. Soc. 
London, 1881, p. 53, pi. vi. fig. 9. 

The Murray-Cliff fossil incrusts a Cellepora, It shows consider- 
able variation in the size of the avicularia ; sometimes they are ligu- 
Q. J.G.S. No.l63. Y 
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late ; on other zooecia they expand considerably towards t lie extremity. 
With a form like the present it is difficult to know whether it should 
be called Smittia or JJttcronella, and the two genera art* not sharply 
defined. 

Mucronella delicatula^ Busk,Chall. Rop. p. 1^)6, is, no doubt, closely 
related ; but the triangular mandible shows that the two forms are 
not absolutely identical. 1 have a specimen dredged from the coast 
of Victoria which has a n arrow ligulate aviculariura,but I do not think 
that it ought to be separated from those with a larger avicularium, 
as the shape is approximately the same. Mr. Busk calls attention 
to the central denticle being in front of the operculum, as if it were 
exceptional ; but this is the rule in this family. 

Loc, Living; Vineyard Sound and Long Island Sound (F.); 
Africa (H,): Victoria Bank, S.E. Brazil (B2 fath.) ; Victoria (on 
Adeona); Naples ( ir.). Fossil: Crag ( IF.), Bairnsdale and River- 
Murray Clifts. This or a variety fossil from Waipukerau and Napier 
(New Zealand). 

25. MrCRONFLLA COCCINEA, Abildgard, VaT. MAMILLATA, Busk. 

A specimen from Aldinga incrusted a Cerithhnn or allied shell. 
The surface is smooth or faintly sulcatc, w’ith a single or double row 
of pores round the base. The ovif ell is very small and decumbent. 
The fossil is so badly preserved that it was not readily recognized. 
Loc, Living : coast of Antrim. Fossil : Crag, Aldinga. 

26. Mucronella coccinea, Abildgard, var. rkscpinata, Manz, 
Muci^onella cocdma. Waters, Quart. Journ. (ieol. Soc. vol. xxxviii. 

p. 266. 

In well-preserved avicularia it is clear that the mandible was 
spatulate, but the aviculariaii oj»eniiig triangular. 

Loc, Aldinga; Mt. (iambier. 

27. Mickoporella grisea, Lamx., form Adeon\. 

Adeona yAsea, Lamouroiix, Expos. Meth. p. 40, pi, Ixx. fig. 5 ; 
Kirchenpauer, “Ueber die Bry. Adeona Journ. Mus. Godeffroy, 
1879, p. 9, pi. i. fig. S, 8r/. 

Dictyopora yrisea, MacGillivray, Nat, Hist, of Viet, decade vii. 
p. 28, pi. 66. fig. 1, la, e, //. 

Dictyopora cellulosa^ MacGillivray,Trans. Roy. Soc. Viet. 1 868; Nat. 
Hist. Viet, decade v. p. 37, pi. xlvii. fig. 1, and decade vii. pi. Ixvi. 
fig. le, 

Adeona celhdosa^ Kirchenpauer, op), eit. p. Ifl. 

Microporella cdlulosa, form Adeona, Watc'rs, Quart. Journ. Geol. 
Soc. vol. xxxix. p. 437. 

From Muddy Creek there is a fragment spreading out in flabelli- 
form manner from the base, to w’hich probably a flexible stem was 
attached. 

From the range of zooccial variability found in specimens that I 
have examined, and from the published descriptions, there does not 
seem to be sufficient reason for separating M. grisea from M, celhdosa. 
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Lor, Living : various Australian localities. Fossil ; Muddy 
Creek. 

28. Microporblla cobcinopora, Ileuss, var. mucronata, MacG. 

* Lepr all a mucronata^ MacGillivray, Tr. Roy. Soc. Viet. 1868. 
J^Jschara tmLcronata^ MacG., Nat. Hist. Viet. dec. v. p. 43, pi. xlviii. 
figs. 0, 7. 

Microporella coscinopora^ Reuss, var. armata. Waters, Quart. Joum. 
Geol. 8oc. vol. xxxvii. p. 331, pi. xv. fig. 25. 

Loc. Living: Queenscliff and Schnapper Point (MacG.), Port- 
Philip Heads (A. W. W.). Fossil ; Curdies Creek, Muddy Creek, 
River-Murray Cliffs. 

29. Microporella violacea, Johnst., var. pissa, H. 

Microporella fissa, Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vi. 
p. 381, pi. xvii. fig. 4. 

30. Microporella symmetrica, Waters, Quart. Journ. Geol. Soc. 
vol. xxxvii. p. 332, pi. xviii. fig. 83. 

31. Microporella ferrea, Waters, loc, clt, p. 330, pi. xvii. fig. 72. 

32. Microporixla pocilliformis, sp. nov. (Pi. VII. fig. 8.) 

Zoarium dome-shaped, 7 mm. diameter, in growth resembling 
Cupularia, Zooecia suboval, convex, surface covered with large 
pores, with a raised suboral pore just below the oral aperture. 
Oral aperture rounded at the distal end, straight below, 0*24 mm. 
broad. There are two distal rosette-plates, each of which usually 
has two openings. On the under surtace of the colony the area of 
each zooBcium is distinctly marked and is convex. 

Loc, River-Murray Cliffs. 

33. Microporella magna, T.-Woods. (PI. VII. fig. 7.) 

Lunulites ma<jna^ T.-Woods, Trans. Phil. Soc. Adelaide, 1880, p. 7, 
pi. i. fig, 

Zoarium large (25 mm. diam.), dome-shaped^ consisting, in the 
specimen examined, of one Lijer of zooocia, slightly elevated along 
eight lines radiating from the centre ; Mr. Woods says, “ In the 
younger specimens .... irregularly pentagonal ; in the older 
specimens .... irregularly lobed or sinuated.’’ 

On each side of these lines the direction of the avicuLiria is 
opposed, being directed diagonally upwards to the right on one side 
and diiigonally upwards to the left on the other side. 

Zooecia raised, especially near the aperture, with large pores over 
the surface and a large suboral pore below the aperture. Oral 
aperture large (0*23 mm. wide), straight on the proximal edge with 
the corners rounded ; the distal edge of the aperture forms half a 
circle. The true shape of the aperture is sometimes obscured in 
the older cells. Avicularia large, broad ; aperture pointed above, 
rounded below. I have not had the opportunity of examining the 
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tinder surface of the zoarium ; but Mr. Woods says, Under stirfaoe 
finely radiately ridged, with a narrow sliWike pore at the margin." 

Loe, Mr. T.- Woods gives Aldinga and Mt. Gambier. 

34. Micropokella (Diporula) magntrostris, MacG. • 

Microporella ititrovcrsn^y^ aters, Quart. Journ.Geol. Soe.vol. xxxviii. 
p. 268, pi. ix. figs. 33, 34. 

Lepralia maf/nirostris^ MacGillivray, “ New or Little-known 
Polyzoa,” pt. 2, Trans. Eoy. Hoc. of Victoria, vol. xix. p. 134, fig. 6. 

Specimens from the River-Murray Cliffs grow either in the Hem- 
escharan form when the dorsal surface is coarsely granulated and 
has large pores, or in superposed la} era with zooecia of the same size 
as those from Mt. Gambier, but in a bettor state of preservation; and 
here the central ]'ore is very distinct and raised, but with a cleft in 
the upper (distal) })art ot the raised tube surrounding the pore. 
This better-preseryed material bho’ws that I was misled in 8uj)posing 
that the ayicularia were directed ini^ards; 1 then attributed the 
avicularia to the wrong zoopcia. 

Loc, Fossil: Mt. Gambier; Kiver-Murray Cliffs. Living: Port- 
Philip Heads. 

[Since this paper was read. MissJilh has sent mo a recent specimen 
from Port-Philip Headb (Australia). This is in the Hemoschara- 
form, but the dorsal surface was jwrhaps attached to a sponge, as it 
is studded with laige erect pore-tu])e8 resembling those on the dorsal 
surface of >)ihnaria wacuhita.md besides these there are calcareous 
offsets, which are traversed by numerous tu])es, and ap])ear to have a 
sponge-like structure. I hoj)e to make a further examination and 
sections of these interesting radicles.] 

This and the last species are very closely allied and should per- 
haps he united under one name. In both the recent specimen and 
the one from the Kiver-Murray Cliffs tlie peristome is more raised 
than in the one I figured. 

35. Microporellv elkv\t\, T.- Woods. (PL VII. figs. G and 9.) 

Eschara cZ^eo^r/.T .-Woods. Trans. K. Soc.N.S.W. 1 870, p. 2, fig. 10, 

Microporella Waters, Quart. Journ. (ieol. Hoc. vol. xxxvii. 

p. 330, pi. xvii. figs. 03, 04, ]>1. xviii. fig. 90. 

When describing the fossil fiom Curdies Creek I pointed out the 
great difierence in zoa'cia from different jiarts of the same colony, 
and some well-preserved siiecimcns from the Kiver-Murray Cliffs, 
showing in places the structure given in fig. 03 {loc, clt.)^ have in 
other parts a much more regular and elaborate strueture. The peristo- 
mial region is raised and surrounded by a ridge, with small pores 
within the area thus formed ; down the middle of each zooecium 
there is a straight ridge which expands at the lower part of the 
zooecium, surrounding the median pore. On each side of this line 
there are large irregular openings. 

There are very curious zooecial avicularia occurring only near the 
border of the colony with a nearly round aperture divided by a cross 
bar near the lower edge. 
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Lac* Cardies Creek; Mt. Gambler; Bairnsdale; Muddy Creek; 
Spring Creek ; River-Murray Cliffs. 

36. POKINA CORONATA, ReUSS. 

• For synonyms, see Waters, Quart. Journ. Geol. Soc. vol. xxxviii. 
p, 333, to which add : — 

Eschar a gracilis, MacGillivray, Nat. Hist, of Viet, decade v. p. 40, 
pi. xlviii. fig. 3 ; Busk, ‘ Challenger ’ Report, Zool. pt. xxx. p. 141, 
pi. xxi. fig. 6. 

Porina gracilis, Hincks, Ann. & Mag. Nat. Hist. 1881, p. 60, 
pi. iii. fig. 5. 

Haswellia australiensis. Busk, loc.cit. p. 172, pi, xxiv. fig. 9. 

Before describing Porina coronata from Curdies Creek (Quart. 
Journ. Geol. Soc. vol. xxxvii. p. 3»33. T had received from Mr. 
HasweU specimens of his Mgriozoim (Haswellia) anstraliense, in 
which the peristome is tubular, often entirely surrounded by openings 
which are either simple pores or have avicularian covers. There is 
great irregularity in these peristomial pores or avicularia, so that 
very frequently there is only an avicularium below the aperture ; in 
other parts in the same colony there may bo two or three at the 
side ; in others they regularly surround the aperture. Sometimes 
the peristome is flattened on the distal edge. The central pore 
(median pore) is usually only a rounded aperture ; at other times in 
the same colony from Holborn Island (collected by Mr. Ilaswell) it 
has a tubular projection ; to show an extreme case, I figured from 
Curdies Creek a very delicate specimen with very m.arked tubular 
pores ; and upon reexamination, 1 find that from such a specimen to 
the large flat growth there is no break in the series, so that I feel 
quite convinced that the determinations then made were correct. 

The opercula of the specimen sent as Ji. austraJiense are slightly 
smaller than those from typical ?1 gracilis, but the shape is the 
same, and so is the attachment of the muscles. As the ridge for the 
muscular attachment is characteristic, and differs from any other 
with which 1 am acquainted, this species may be made a test case, 
showing that the modern classification is an advance upon that which 
laid tlie greatest stress on the mode of growth. In both fossil and 
recent specimens the pore is sometimes elongate, sometimes round. 

The fossils from the Ili\ er-Murray Cliffs, Aldinga, and Adelaide 
are all either in the form b, as verteb rails (see Bry. from S.W. 
Victoria, p. 334), or arc a little flattened. 

37. Lepralia ei)ax. Busk. 

Cellepora edaac, Busk, Crag Polyzoa, p. 59, pi. ix. fig. 6, pi. xxii. 
fig. 3. 

Lepralia eda.v, Hincks, Brit. Mar. Polyzoa, p. 311, pi. xxiv. fig. 7, 
7a, 8 ; Smitt, Floridan Brj’ozoa, pt. ii. p. 63, pi. xi. figs. 220-223 ; 
Waters, Quart. Journ. Geol. Soc. vol. xxxviii. p. 270. 

Oumulipora angulata, Reuse, Septarienthon, p. 63, pi. viii. fig. 12. 

Zoarium dome-shaped, about 30 millim. diameter, composed of many 
layers of zooecia. The under surface is cupulate, and the zooacia 
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hero radiate in uniserial rows from the centre, with the prentest 
regularity, whereas on tlie upper suface numerous ctdoiiies are seen 
to start from various points of the surlaei'. The iiiul r Hurrae(* is 
divided by radiating and bifurcating Milei, and the p irt between 
these is raised, and along the ridges there are elevat ons looking 
like points of attachment. In thi.s respect the dorsal smfaee 
resembles that of Sth^nana macuhtUt, Zcaeeia very little rais(‘d, 
irregularly hexagonal, separated by distinct rai^^cMl bordeis with large 
pores round the edge of the zoiecium : mu ill avieulan.i below the 
aperture, with the opening rounded or sliglith acute, diiected down- 
wards. Oral ajierture with the jiroximal edge uearl\ ‘>traight, the 
distal edge nmnded, foruu'd of mori' than half a circle, with two 
contractions inside the aperture near the middle; at widest part 
about U*ll? mm. wide. Ovieell raised, glohular. 

I have alnvidy pointed out th it the jqierture in recent speciimms 
is larger than in tliat fnnu theOrair, and both the s])ecim(‘U from Mt. 
GambiiT and this one from Murray (’litf corresjiond in this respect 
with those from Florida. In the Australian fossils no zoiecial 
avicularia (onychocellaria) have h(»eu found. Some o\icells show 
an indistinct area on the front : hut this is not distinguishable on all, 
and the ovicidl is more globular than tigured by Mr. Iliucks. 

Mr. Busk* refers to finding the hacks of the ])olyzoan cells usually 
disposed in parallel rows, much as they are on the concave surface 
of some Lunulites,” and Smitt seems to have noticed the same thing; 
it is therefore interesting to find it now in a true Lunulites-form. 

38. Lepraua depbessa. Busk, var. 

Lepralia depressa^ Busk, var. — Waters, Quart. Journ. GeoL Soc. 
vol. xxxviii, p. 509. 

In a specimen of this variet}* from Aldinga there are small, globular, 
raised, granulated ovicells. 

39. Lepkalia bostkigeba, Smitt. 

EscJiarella rostriyerdy Smitt, Floridan Bryozoa, p. 57, pi. x. 
figs, 203-205. 

A specimen from the River-Murray Cliffs is growing in the 
Lepralia-stage, The hexagonal zooecia are very little raised and 
the surface Ls covered wdth large pores. The u])erturo is nearly 
round, with two lateral contractions; width 0-14 millim. Thi*re is 
usually a small avicularium pointed upwards on one side of the 
aperture, but seldom on both sides. 

Loc, Florida, 35-43 fathoms. 

40. Lepbaua escharella, lidmer (in Vincularia-form). 

Yinoulfiria escharella^ F. A. Ibimer, “Dio i^olyparien dcs Nord- 

deutschen Tert. Geb.'’ Palcontographica, vol. ix. p. d, pi. i. fig. 1. 

This is evidently allied to L, I^urlmr/tonlnisis, but the hexagonal 
zooecia are much larger, and the whole surface is covered with large 
pores. The oval oral aperture is larger, measuring about 0*3 millim. 
across. 

Loe, Oligocone of Lattdorf (Romer), Aldinga. 

* Crag Polyzoa, p. 59, 
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41. I.EPBALiA BUBLiNQTONiENsis, WatcFs, Quart. Joum. Geol. Soc. 

vol. xxxviii. p. 270, pi. vii. fig. 6. 

42. Lepkalia subimmersv, MacG. 

Lt /tralia snbimmersa, MacGillivray, Nat. Hist, of Victoria, Zool. 
decade iv. p. 2»‘i, pi. xxxv. fig. 5. 

Zo.irium in Eschara-form growing as solid lamellate anastomosing 
fronds. Zooecia subhexagonal, bounded by prominent slightly 
sinuous linos ; surface smooth, with large pores near the border. 
Oral aperture round above, concave below, with a small oral avicu- 
lariiim just below the aperture, sometimes in the peristome. The 
state* of preservation does not allow of satisfactory examination of 
the apertun*. From one broken-down ovicell it is clear that it was 
entirely immersed. 

Loc, Living : Warrnambool. Fossil : Aldinga. 

43. Lepualia coNFiNiiA, sp. nov. (PL Vll. fig. 10.) 

Zoarium in Eschara-form, flat. Zooecia indistinct, surface with 
a few largo jJores arad small round aviculaiia scattered about ; oral 
aperture round above, slightly contracted below, with a tooth on 
each side. The aperture (0*15-0’1(> mm. wide) is surrounded by a 
round band. The zooecial characters remind us of Myriozoum 
truneatum^ but the cells and aperture are there larger. It is also 
allied to Lepralia crasaa, Keuss, and L, varians^ Seg. I have some 
flat bilaminate fragments of a similar recent Lepralia dredged by 
Mr. Brazier from Piper Island (9 fathoms), but the zooecia are much 
smaller, with the aperture about 0*12 mm., and the surface is dotted 
over with numerous small round avicularia. Possibly they should 
be united, although the more robust character of the fossil makes a 
considerable difference in the general appearance. 

Loc, Aldinga. 

44. Smittia Tatei, T.-Woods. (PI. VII. fig. 15.) 

Escliara Tatei, T.-Woods, Trans. Roy. Soc. N. S. W. 1876, p. 3, 

fig. XV. 

Smiitia Tatei, AVaters, Quart. Journ. Geol. Soc. vol. xxxvii. p. 337, 
pi. xvii. fig. (>5, and vol. xxxviii. p. 271, pi. vii. fig. 10, pi. viii. 
fig. 21. 

Siinttia Perrieri, Jullien, Bull, do la Soc. Zool. de France, p. 19, 
pi. xvi. fig. 45. 

There are small flattened branches from the Murray Cliffs ; and 
from Aldinga there is a most interesting colony in which the round 
branches anastomose and form a reticulate mass. The diameter of the 
branches is about 3 millim. In this specimen there is a peristomial 
sinus instead of the suboral pore; but this sinus is frequently almost 
closed in above, and no doubt the function is the same in both 
cases. 

Loc, Living; N.W. of Spain, 2108 metres {Jullien). Fossil: 
Curdies Creek Aft. Gambier, Bairnsdale, Waurn Ponds, River- 
Murray Cliffs, Aldinga. 
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45. Smittia Landsbobovii, Johnst. 

LepraliaLandshorovii^ Johnst. Brit. Zooph. ed. 2, p. 310,pl.liv.fig. 9. 
The aperture of the round suboral avicularium is very small, 
appearing as a point or a suhlunate opening. The specimen is in 
the Lepralia-form. 

Loc, Living : British seas, Mediterranean, Florida, Australia (H.), 
Greenland. Fossil : liiver-Murray Cliffs. 

46. Smittia keticulata, MacG. ; Waters, Quart. Journ. Geol. Soc. 
vol. xxxviii. p. 272. 

47. Smittia seriata, Beuss ; Waters, loc, cit. p. 2^2, pi. viii. fig. 17. 

48. Smittia Milneana, Busk, var. cojsquata, nov. 

Mr. Busk described in the Crag Polyzoa a fossil as Lepralixi Ed- 
wardsiatia (p. 44, pi. v. fig. 2), but this name he subsequently 
changed to L. JSJilneana (p. 132). The fossils from Aldinga in 
general appearance more resemble Macronelht variolos^a^ but the 
same main characters are found in both. Jn both the Crag and the 
Australian fossils there is a broad oral plate extending nearly across 
the aperture, the peristome is thickened and raised, and there is a 
small avicularium on one side, which usually forms a peristomial 
sinus, but sometimes in the Australian fossils it is raised and forms 
a mucro. The avicularia are in both in about the same position, 
but in the Aldinga specimens the)' are not at all raised, and are 
rounded at both ends with a wide mandibular opening directed in- 
wards. In the variety the zoa^cia are bordered by a thick raised 
line, and are surrounded by a row of large pores. 

Loc. The type occurs in the Coralline Crag (/i.) and in my collec- 
tion from Leiston, Suffolk. The variety is represented by two 
specimens, one growing on Cellepora trident IculaUi, B., and the other 
on Monoporella sexangularis, Goldf., both from Aldinga. 

49. ScHIZOPORELLA VULGARIS, Moll. 

Eschara vulgaris, Moll, Seerinde, p. 61, pi. iii. fig. 10, A, B. 

50. SCHIZOPORELLA SIMPLEX, Johnst. VaP. ALniNGENSIS. 

Lepralia simpleo', Johnston, Brit. Zooph. ed. 2, p. 305, pi. liv. fig. 4. 
Schizoporella simplex, Hincks, Brit. Mar. Polyzoa, p. 246, pi. xxxv, 
figs. 9, 10. 

A specimen from Aldinga varies from the British species in having 
no umbo, but wo have in many species seen that the umbo is not a 
constant character, and I have therefore thought it advisable to con- 
sider it only as a variety. There are no avicularia, and the width of 
the aperture is 0*13 millim. 

Loc. Living : British and Irish. Fossil : Scotch Glacial deposits. 

51. Schizoporella phymatopora, Keuss. 

Eschara phymatopora, Reuss, Foss. Anth. & Br)\ v. Crosaro, p. 272, 
pi. xxiiii. fig. 1. 

Schizoporella phymatopora. Waters, Quart. Joum. Geol. Soc. 
voL XXX vii. p. 338, pi. xv. figs. 31, 32, and vol. xxxviii. p. 510. 
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Mynozoum honohileme, Busk, * Challenger' Eeport of Polyzoa, 
p. 170, pi. XXV. fig. 2. 

Specimens from the Eiver-Murray Cliffs occur as hollow cylinders 
of about the same size as those from Bairnsdale. The dorsal surface 
is divided into oblong zooecial areas. The rosette-plates are at the 
base of the zooecial wall, with, normally, two distal plates. 

Loc. Fossil : Bartoniau of Val di Lonte & Ferrara di Monte Baldo 
(Italy) ; Curdies Creeks ; Bairnsdale and River-Murray Cliffs. 
Living : Sandwich Islands, 20-40 fathoms. 

62. ScHIZOPORELLA STBIATULA, Smitt. 

Gemellipora striatula^ Smitt, Floridan Bryozoa, pt. 2, p. 37. pi. xi. 
fig. 207. 

The surface of the specimen from the River-Murray Cliffs is 
smoother than in the Floridan specimens, and the pores are not so 
distinct ; but the size is the same, with the oral aperture also 0*06 
millim. wide, and there is the same characteristic prolongation of 
the zooecia, with a small round opening at the end. 

Loc, Living. Florida, 08 fathoms. 

53. ScnizopORELLA FENBSTRATA, Waters. 

Scliizoportlla fenestrata, Waters, Quart. Journ. Geol. Soc. vol. 
xxxviii. p. 399. 

A fossil from the River-Murray Cliffs has smaller zooecia and a 
smaller aperture (0*13 millim.) than the one from Curdies Creek, 
and should perhaps be called var. minor. It has the surface 
coarsely granular and covered with pores ; the aperinre is deeply 
sunk, and there is frequently on one side a little below the aperture 
an avicularium with a round aperture, which in some cells is re- 
placed by a very large raised avicularium covering the whole cell. 
The opening of this avicularium is triangular, with a tooth from the 
cross bar, and is situated at right angles to the axis of the zoarium. 
Loc, Curdies Creek ; River-Murray Cliffs. 

64. ScnizopoKELLA Cecilii, Aud, 

Flustra CeciUi, Aud. ; Savigriy, Egypte, pi. viii. ffg. 3, p. 66. 

55. SCHIZOPORELLA PROTEXSA, Sp. HOT. (PI. YII. fig. 14.) 

In Lepralia-form growing on Microporella elevata, Zooecia regu- 
larly placed, hexagonal, slightly rounded, with a row of large pores 
round the edge, and with subtriangular avicularium directed outwards, 
on one or both sides about halfway down the zooecium. Aperture 
(0*2 millim. wide) rounded at the distal end, below straight with a 
distinct sinus. 

Loc, Aldinga. 

66. Mastigophora Dutertrei, Aud. 

Mastigophora Dutertreiy Hincks, Brit. Mar. Polyzoa, p. 279, 
pi. xxxvii. figs. 1, 2. 

Specimens from the River-Murray Cliffs and Aldinga are of about 
the same size as these figured by Mr. Hincks, but the ovicells are 
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Father larger, and these are sometimes pressed in on the front, 
^Ting the appearance of a round depression ; but perfect specimens 
•eem to be ^obular. The surface is smooth and the peristome is 
but little raised* The oval aperture is about 0*12 millim. with six 
marg^ial spines. I feel some doubt about this determination, as 
the nature of the appendages is not distinguishable, and certainly 
many cells had neither vibracula nor avicularia. 

Loe. Kiver-Murray Cliffs, Aldinga. 

67. Retepora marsupiata, Smitt; Waters, Quart. Joum. Geol. Soc. 

vol. xxxvii. p. 342, pi. xv. figs. 34-36, pi, xvii. figs. 59, 61, 76, 

77 ; vol. xxxviii, pp, 275, 511 ; and vol. xxxix. p. 439, pi. xii. 

figs. 13 & 21. 

An imperfectly preserved specimen from Aldinga was sent over by 
Professor Tate marked “ JK. vihicata, Sturt but it is impossible to 
make specific comparison with the fossils found by Sturt, and this 
does not seem to be the IL vihicata of Goldfuss. The ovicell has a 
double cleft. 

58. RHTNcnopoR\ bispixosa, Johnston. 

See Hincks, Cat. Mar. Polyzoa, p. 3 n 5, pi. xl. figs. 1-5. 

A sjK'cimen from Iliver-Murray Cliffs has a large avicularium 
raised as a miicro in front of the aperture, and frefjuentl}^ at the 
base of this on one side there is a smaller avicularitim. 

Loc, living : British seas : Mazatlun ; Adelaide ; Victoria Bank, 
ofFS.E. Brazil, 33 fathoms {Rldltii). 

59. Cellepora coroxopus, S. Wood. 

Celhpora px^micom, Linn, (non Busk), Syst. Xat. 12th ed. p. 1286. 

Cellepom coronojtxis, S. Y. Wood, Ann. A Mag. Xat. Hist. vol. xiii. 
p. 13 : Busk, Crag Polyzoa, p. 57, pi. ix. figs. I, 2, 3 ; Manzoni, Br)'. 
Foss. Ital. Cont. 4, p. 13, pi. iii. figs. 13, 19; Waters, Ann. & 
Mag. Xat. Hist. ser. 5. vol. iii. p. 192. 

Cellepora tuhitjera^ Busk, loc. cit. p. 60, pL ix. figs. 8-10. 

Cellepora (jamh'ureiisis^ Busk, Quart Journ. Geol. Soc. vol. xvi. 
p. 261 (named only, no description); T.-Woods, Geol. Obs. in 
8. Australia, pp. 74 & 85 ; T.-Woods, Trans. 11. Soc. Viet. vi. p. 4, 
pi. i. fig. 3. 

Celleporaria (jamhieremh^ Stoliczka, Foss. Bry. der Orakei Bay, 
p. 141, pi. XX. fig. 7. 

Although this species is reported to be extremely common in 
Australia, a badly preserved specimen from Aldinga, which was sent 
over by Professor Tate marked “ C. <jamhienmsisy' is the first that 
I have seen, and as the descriptions laid most w’eight upon the 
colonial growth, it was impossible to make any comparisons. 

It grows in solid round branches about 8 millim. in diameter, 
and anastomoses regularly. The aperture of the zooecia is round, 
about 0*1 3-0*20 millim., with a small avicularium, apparently below 
the mouth. Xo zooecial avicularia or ovicclls have been found on 
the specimen. 
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Stoliczka {Joe* ciU p. 142) suggested that probably the fossil was 
C. coronopus ; and so far as this specimen permits a judgment, I cer- 
tainly agree with him. 

Loc. Living: Coasts of Britain and France; Mediterranean. Fossil: 
Pliocene : Crag ; Pliocene of Italy and Sicily ; Mt. Oambier (B .) ; 
Geelong (Wilkinson) ; Orakei Bay (New Zealand) ; Aldinga. 

60, Cellepoea avicularis, Hincks. 

Cellepora Bedoutei, Aud. in Sav. Eg 3 ^pte, pi. vii. fig. 6, p. 64. 
Cellepora ramulosa^ form avicularis^ Smitt, Oefv. Kon. Vet.- 
Akad. Forb. J8G7, Bihang, pp. 32 & 194, pi. xxviii. figs. 202-210. 

Cellepora avicularis, Hincks, Q. J. Micr. Soc. viii. p. 278 ; Ann. & 
Mag. Nat. Hist. ser. 3, vol. ix. p. 304, pi. xii. fig. 6 ; Brit. Mar. 
Polyzoa, p. 406, pi. liv. figs. 4-6 ; Norman, B. Assoc. Rep. 1868, 
p. 308 ; Waters, Ann. & Mag. Nat. Hist. ser. 5, vol. iii. p. 193, 
pi. xiv. figs. 11, 12. 

A specimen from the lliver-Murray Cliffs apparently grew over 
the stem of some seaweed, and rises into irregular nodulations. 
The zocecia are ovate with an avicularium at the side b}' the lower 
part of the oral aperture; oral aperture suborbicular, angular at 
the proximal edge, forming a sinus ; large spatulate avicularia dis- 
tributed over the zoariuin. Ovieell globose with large punctures. 

The si/o of the cells, apertures, and avicularia is the same as in 
my Naples specimens. 

Loc, Living: British seas; Arctic Ocean; Red Sea; Naples; 
10 fathm. Fossil : lliver-Murray Cliffs. 

61, Cellepora costata, MacG. 

Cellepora cosfata, MacO. Trans. R. 8oc. Viet. 1869, p. 11. 
Celh]>ora retxisa, Manz., var. rum m«fa, Waters, Ann. & Mag. Nat. 
Hist. ser. ii, vol. iii. p. 194, pi. xiii. fig. 1. 

A small badly preserved specimen from Adelaide is growing on 
Microponlla ferrea, W. This has smaller zooecia than a recent 
spociraeu from (llenelg, 8. Australia, in which the aperture is 0*13 
millim., while in the fossil it is only 0*1 raillim. In the fossil no 
ovi cells are preserved, and the avicularia do not rise above the 
zooccia, whereas in the recent specimen the ovicells are the same as 
those from Naples, and the avicularia, although they turn more in- 
wards, closely resemble those from Naples. 

This I believe is related to Latjenipora spinulosa, Hincks. 

Zror. Living: Wilson Promontory and Queen8cliff,Victoria(AfacG.); 
Glenolg, S. Australia (J. ir. TF.co?Z,). Fossil: Loithakalk of Nuss- 
dorf (Vienna) (^. W, W, colL), Adelaide. 

62, Cellepoea divisa, sp, nov. 

The zoarium is subglobular, 6-8 millim. in diameter. The zooecia 
are small and irregular in shape, with a small round aperture 0*13 
millim. wide, and inside this there is a plate extending about one 
third across the aperture (fig. 1). There is a central “pit” round 
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wliM^ the EOQsda are formed, and in this respect and the shape and 
iriie of ^6 aocecia it much resembles 0, fomi, Haswell ; bat no 
ayionlaria are found on the colony. I have a small globular colony 
(4 millims. diam.) from the Crag of Leiston, with the oral apertures 
of about the same size, and a similar plate directed inwards. This 

Fig. 1. — Zooecia of Cellepora divisa, $p. w., showing apertures, 
(Enlarged 25 diam.) 


Crag fossil has a rostnim below the aperture with a terminal avicu- 
larium, and has plain globular ovicells. Possibly this is the armed 
condition of the present species. 

Loc. Mt. Gambier. 

63. Cellepoea mamillata, Busk. 

Cellepora mamillata, Busk, Cat. Mar. Polyzoa, p. 87, pi. cxx. 
figs. 3,4,5; llidley, Proc. Zool. Soc. ISSl, p. 54. 

Cellepora mamillata^ var. atlautica, Busk, Chall. Rep. Polyzoa, 
p. 19J), pi. XXXV. figs. 4, 5, 13. 

In a specimen from the River-Murray Cliffs the zoarium incnist- 
ing a shell is rai.sed info large prominent maniillations. Oral 
aperture nearly round, flattened below, about 0*18 millim. diameter. 
Avicularia projecting above the zooecia, with large triangular man- 
dibular openings on the median line on the internal aspect. 

The mamillation of the zoarium occurs in a very large number 
of Celleporcp and cannot be looked upon as a character of specific 
value. C. mamillata only differs from t\ pvmlcosa^ Busk, in the 
shape of the aperture. 

Loc, Living : Coa.st of Patagonia ; Victoria Bank, S.E. Brazil ; 
Crozet Island, off Bahia ; New Zealand i^llutton) ; Victoria {MacG,), 
Fossil : River-M array Cliffs. 

64. Cellepora aleirostris, Smitt. 

Discopora albirostris^ forma typica, Smitt, Floridan Bryozoa, p. 70, 
pi. xii. figs. 234-239. 

Cellepora alhirostris, Busk, Journ. Linn. Soc. vol. xv. p. 347 ; 
* Challenger’ Report on the Polyzoa, p. 193, pi. xxxiv. fig. 7, 
pi. XXXV. fig. 3. 

A specimen from the River-Murray Cliffs is dome-shaped, re- 
sembling Lunvlites, The zooocia are round, much raised, and 
smooth ; below the oral aperture there are small oral avicularia with 
rounded openings, but I do not find any vicarious avicularia (ony- 
chocellaria) ; above the aperture there are two spines ; aperture 
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Founded on the distal edge, becoming wider on the proximal, which ia 
slightly concave 0* 14-0*3 7 millim, wide. In the recent and fossil spe- 
cimens there are at the two sides of the aperture small teeth, one on 
each side directed downwards towards the neural wall. The shape 
of the operculum indicates the presence of such teeth, but they have 
been overlooked. The dorsal surface much resembles that of C. 
hiradiata, W., and this species, (7. albirostris, C, pertusa, and C, tri- 
denticulata^ are no doubt allied. 

The specimen that I referred to pro tern, as C. repleta (Joum. 
Koy. Micr. Soc. vol. ii. p. 392, pi. xv. figs. 6, 8), is G, cdbirostris^ 
and grows round the stalks of seaweed, rising into ridges with 
zooecia on each face of the ridge. These have no oral spines, fre- 
quently the rostrum bifurcates, and oviccUs surmounted with small 
avicularia are supported by the rostrum. Smitt refers to the 
Floridan specimens sometimes having two spines and sometimes 
being without ; and as this is made a leading distinction between 
C. idbirostria and G, hastigera, I should certainly feel inclined to 
unite them, for in each colony of G. alblrostris there is great varia- 
tion in the size and form of the rostral process. 

Wo see in this species and G. trklenticulata how little importance 
wo should attach to the mode of growth ; and among specimens 
picked up at the same time near the Semaphore, Adelaide, as being 
the same species, we have found that although they most closely 
resembled one another in general appearance, they represent jEr(5^ero- 
pora crevlcornis^ d’Orb., Vellepora alblrostris, and C. tridenticulata, 

Loc. Living : Florida, 2o~3o fathm. ; Sydney (Sm .) ; Heard 
Islands, 75 fathm. (7?.); Semaphore, Adelaide (A, W. W. coll,)» 
Fossil : Rivcr-Murray Cliffs. 

65. Cellepora pertusa, Smitt. 

Discopora pertusa, Smitt, Floridan Bryozoa, p. 72, pi. xii. figs, 
240, 241. 

A specimen from Aldinga is irregularly subglobular ; diameter 4 
to 7 millim. In the shape of the zocecia and of the large oral aper- 
tures it corresponds ith the Floridan specimens ; but in the fossil 
there are no avicularia, and from Smitt’s figures the avicularia only 
seem to occur on some of the zooecia. Oral aperture 0*28 millim. 

Loc, Florida, 35-00 fathm. 

66. Cellepora pertusa, Sm., var. ligulata. 

The zoarium consists of hollow cylindrical branches. The zooecia 
are ovate, elongate, irregular, with a rounded aperture nearly 
straight below and slightly contracted at the sides ; there is a very 
minute avicularium below or to the side of the aperture, and besides 
this there are frequently small ligulate or spatulate avicularia on 
the zooecia, and here and there an elongate spatulate vicarious 
avicularium. The oral aperture is 0*12 millim. 

I feel much doubt about any determination of this form, but in 
calling it a variety of pertusa the similarity in most points is indi- 
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eileAi but flie minateiiesa of the aperture and the aviculaiia on the 
Itant at eocBda distinguish it. 

Zee. BiTer-Murray Cliffs. 

67. CaixBPOBA BiBADuxA, sp. UOT. (FI. VII. figs. 11, 12.) 

In a specimen from the River-Murray Cliffs the zoarium is conical, 
mamilla^, in diameter about 20 millim., and has the general 
appearance of a large Lunulites. The zoarium is formed by many 
superposed layers of zooecia. On the dorsal surface there are 
radiating lines, and when the outer surface is broken away, the 
walls of a double row of zooecia are seen, and each such double 
row is separated from its neighbours by septa (fig. 11). 

Zooecia irregular, subglobular, raised, with the oral aperture 
rounded on the distal edge, nearly straight on the proximal, forming 
more than a semicircle, 0*12 millim. wide. Below the aperture, 
a little to one side, is a small raised avicularium, with the mandibular 
opening forming a luarly equilateral triangle. In one specimen 
there are two spatiilate avicularia, and sometimes three rudiiuentaiy’ 
teeth can bo distinguished in the oral a}>erture ; but this is excep- 
tional. Oricells subglobose, broader than high, smooth, resembling 
the ovicelJs of Cillepom ranmlosa, L., as figured by Ilincks, Brit. 
Mar. Polyzoa, pi. lii. fig. h. 

This and C, compres^a^ Busk, i\ tndtnticulatu^ B., and C. alhi^ 
rostris, 8m., all seem closely related. 

68. Cellepoka trii)Exticijl\ta, Busk. 

CdJepora tridiniiculatn^ Busk, Journ. Linn. Soc. vol. xv. p. 347 ; 
‘Challenger’ Report on the Polyzoa, p. pi. xxix. fig. 3, 

pi. XXXV. fig. 17. 

From the River-Murray Cliffs there is a solid dome-shaped colony 
formed of many layers, measuring about 25 millim. in diameter, and 
in a colony from Aldinga the zoarium commenced in a dome shape, 
then spread out to about 1 0 centim. in diameter and grew into a 
solid mass 10 centim. high, Tlie zooecia are irregular, immersed, 
with the oral aperture straiglit below, rounded at the di.^tal end, 
forming a little more than half a circle, and a little way down the 
aperture on the proximal edge there are three narrow teetli directed 
forwards. Below the oral a})erturc there is a small rounded avicu- 
larium, and there was a sj)ino on each side of the ai>erturo. Orfd 
aperture about 0*2 millim., from which it can be seen that in the 
fossil it was larger than in the specimen do^cribod by !Mr. Busk ; but 
recent specimens from the Semaphon*, Adelaide*, corr(*spond wnth the 
fossil. On the under surface the elongate h(*xagoiial shape of each 
cell is visible, and there are projections for attachment. Out of 
several fossil specimens I have only found two with a vicarious avi- 
cularium (onychoccllarium), and in this case it was spatnlato, as 
figured by Mr. Busk. In recent specimens bometimoR the avicularium 
is very small, at others it rises into a large rostral process, and occasion- 
ally there are four teeth in the oral aperture. O, trideniiculata and 
C. hondidemisj B., are very closely allied. 
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hoc, living : Off Cape York, lat. 10® 30' S., long. 142° 18' E., 
8 fathm. (B.); Semaphore, Adelaide {A, W, FT.). Fossil: Aldinga, 
Biver-Murray Cliffs (dome-shaped and incrusting) : Yorke's Penin- 
sula (irregular cone-shaped) ; Waipukerau (New Zealand), 

69. Cellbpoea possa, Haswell, Waters, Quart. Joum. Geol. Soc, 
vol. xxxvii. p. 343, pi. xviii. flg. 89, and vol. xxxviii. p, 275. 
From the Biver-Murray Cliffs there is a specimen about 25 millim. 
in diameter, with the one surface, which may be called the under 
surface, flat ; the other is slightly rounded. On the flat surface 
there are about forty well-marked pits and a few smaller ones. 

Fig. 2 . — Zooecium o/Cellepora fossa. (Enlarged 25 diam.) 



Mr. Haswell, in a “ Note on a curious instance of Symbiosis ” (Proc. 
Linn. Soc. N. S. Wales, vol. vii. 1S82), refers to his discovery of 
small red Actinids lodged in cylindrical pits in recent Cellepora^ and 
he attributes these pits in C. fossa to a similar parasite. It is 
therefore extremel} interesting to frequently find similar pits in 
fossil Celleponv, Mr. Busk refers to a perforation two thirds through 
C, tuhulosa, a fossil from Australia, which, however, cannot be 
identified, as the description only takes cognisance of the mode of 
growth. 

The striiight edge of the aperture is irregularly rough, but there 
are no teeth. 

Lor. laving : Holborn Island. Fossil : Curdles Creek, Mt. Gam- 
bler, Biver-Murray Cliffs, and Aldinga. 

70. Celllpora fossa, Hasw., var. mabsupiata, nov. 

Zoarium subglobular (0 millim. diam.), with a central pit as in 
C. fossa. In the topical 0. fossa, the avicularium is very large, 
often nearly as large as the oral aperture (fig. 2), so that in badly pre- 
served specimens the appearance is of one large round aperture 
with a bar across. In the present variety the avicularium is much 
smaller, with the avicularian chamber raised, forming a kind of 
pouch with a semicircular aperture (fig. 3). Surface granular. The oral 
aperture (0T-0*12 millim.) is narrower than in C. fossa but is pro- 
portionately longer ; inside the aperture directed downwards, towards 
the interior of the zooecium, there is a tooth on each side of the 
aperture, and sometimes these teeth are continued as a plate round 
the proximal part of the aperture. In a few cases faint traces of 
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1%. 8 . — Zooeeium of Cdlepora fossa, var. manupiaia. 
(Enlarged 25 diam.) 



71. Lekithopoea htsteec, MacG. 

Lehythojwra hystrix, MacGilliTray. “ Descriptions of New or 
Little-known Pohzoa,”pt. iii. p. 104, Trans. Roy. Hoc. Viet. vol. six. 
pi. i. fig. 6 ; also pt. viii. p. 8, pL ii. fig, G (advance copy). 

In the gro\\th and the shape of the cells this so much resembles 
various Cyclostomata that until sections were prepared I did not 
recognize that it was a C’hilostoma ; and even after careful examina- 
tion the fossil remains very incomprehensilde, and further study of 
recent specimens is much to be desired. The state of fossilization is 
not favourable for studying the minute structure. The zooecia, which 
are subtubular, open only on one side of the zoarium, and are erect 
and often more or less in bundles, giving the appearance of Frondu 
pora. The small opening on the side of the a])cTture which 
MacGillivray describes as an avicularum, is only distinguishable in 
a few cases. On the front of the zoarium there are a number of 
globular mamillations, sometimes with a small opening in the centre. 
Tliese much resemble the enlargements on the front of the cell 
which Professor MacGillivray describes as ovicells ; but these 
enlargements in the fossil are usually entire, with comparatively 
large pores on the surface. The solid under surface of the zoarium 
has a few irregularly scattered large-sized pores. 

72. CuPULARlA CANARIENSIS, Busk. 

Cupularia canariensis. Busk, Q. J, Micr. Soc. vol. vii. p. 66, 
pi. xxiii. figs. 6-9 ; Crag Polyzoa, p. 87, jd. xiii. fig. 2 ; Manzoni, 
Foss. Ital. Contrib. i. p. 10, pi. ii. fig. 17 ; Bri. foss. del Mioc. 
d’Aust. ed Ungh. p. 24, pi. xvii. fig. fiCJ. 

Memhranipora canariemis. 8mitt, Floridan Bryozoa, pt. 2. p. 10, 
pi. ii. figs. 69-71. 

Specimens from Aldinga have larger zooocia and larger opesial 
openings than some recent specimens from Princess Charlotte Bay. 
In the recent one the sulcate structure of the under surface is very 
marked ; but upon careful examination faint cross-divisions can also 
be distinguish^, thus separating the dorsal surface into zooecial 
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divisions) while in the fossil the dorsal snloi are not very marked, 
and there are but few pores in each quadrangolar division; again 
they are more numerous in the Charlotte-Bay example. Ihe dif- 
ference between this and C. guinemaia and atellata consists in 
the lamina not extending up to the distal border ; but this is a vari- 
able character, and probably all three should be united under one 
name. 

Loc. Living : Madeira and Canaries ; Princess-Charlotte Bay 
(sent by Mr. Brazier) ; Florida, common, 10-44 fathm. (jSf»i.). 
Fossil : Miocene — Austria and Hungary. Pliocene, Crag — Hilk of 
Pisa, Castelarquato, Asti, Mt. Mario, Ehode Island; Tortonian 
and Saharian of Reggio (Calabria) (Seg.) ; Aldinga. 

73. Selenakia maculata. Busk. 

Selenaria maculata^ Busk, Cat. Mar. Polyz. p. 101, pi. cxvii. ; 
Waters, Quart. Journ. Gcol. Soc. vol. xxxix. p. 440, pt. xii, figs. 7, 
9, and 12. 

A specimen from the River-Murray Clifis is about 6 millim. in 
diameter, and is exactly similar to specimens firom Muddy Creek 
and Bird Rock. The dorsal surface is divided by radiating ridges, 
between which there are single or double rows of large pores. 
Another specimen from Aldinga (sent over as Lunulites rutella) has 
smaller zocecia and very few vibracular chambers, and on the dorsal 
surface there are, instead of the large pores, long erect tubes, which 
may serve for attachment. 

Besides the species named there is a small cylindrical fragment 
of what 1 believe is LejiraUa (Onchopora) immersa^ Haswell ; but 
with HO small a piece, imperfectly preserved, I cannot feel sure of 
the determination. The collection also contains a Memhranipora 
from the River-Murray Cliffs which belongs to the M.-spinifera 
group, and another with oval opesia and a small avicularium above 
the opening, which might be M, Icvata, Hincks. 

Upon reexamining the IVlt.-Gambier collection I find that a 
specimen which I thought was Rctepom rimata^ W., is JK. jack- 
soniensis. Busk (‘ Challenger ’ Report, p. 125, pi. xxvii. fig. 4), 
These two species are very closely allied, but the avicularia differ in 
shape. A further study as to the range of variability of B, JaeJe^ 
soniensis would be of great interest. 


EXPLANATION OF PLATE VII. 

Fig. 1. Membranipora rhynchota^ Busk. The zooecia on the left have ovicells; 
those on the right are without. 

2. Monoporella scxanyulariSf Goldf. From specimen fig. 13. 

3. Memhranipora aperta, Busk. 

4. Micropora patula, Waters. 

6. Memhranipora parvicellay T. Woods. 

6. MicroyoreUa etevata, T. -Woods ; showing marginal avicularia. 

7. Micr^orella magna^ T.-Woods. 

Q. J. G. S. No. 163. 
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J^.8. MienpmllapoeUliformi.%Bp.iioy. 

9. JMiero^ella elevafa^ T.-Woods ; drawn from the sumo colony as Ko. u. 

10. Lej^dia c&nfinita, sp. nov. 

11. CeUepora biradiata^ sp, nov. ; dorsal surface. 

12. Ditto, natural size. 

13. Manoporella f^exang^iUiris^ Goldf. ; natural size. 

14. Schi:oporella protensa, sp. nov. 

15. Smittia Tatei, T. -Woods ; natuml size. 

16. Mmbranipora fanporaria, sp. nov. 


Discussion. 

Mr. £ib£RII) 0£ said the author had done valiiahle service in do- 
ficrihing Polj zoa from various countries, and this contribution would 
doubtless prove a valuable addition to our knowledge. 
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§1. Intuoduction. 

In the ‘ Geological Magazine,’ dec. 2, vol. v. (March and June 1878), 
pp. 1 03 & 277, I offered home observations on the Ostracoda of the 
Purbeck and Wealdon Formations, and endeavoured to determine 
the species already described and figured by Sowerby, Fitton, 
F. A. lldmer, and W. Duiiker, and hy E. Forbes, Lyell, anf P. de 
Loriol. One of tlicse species was further noticed (as Cifthcre'! 
purheckensh) in the ‘ Proceedings of the Geologists’ Association,’ 
vol. viii. 1883, p. 58, together with an additional species which I 
had defined as Cytliere holonietish'\‘ [ bomniensis] in the Bull, Soc. Geol. 
France, ser. 3, vol. viii. 1882, p. 010. 

* These Plates have been drawn by aid of a grant from the Eoyal Society, 
for the illustration of Fossil Entomostraca. 

t Now corrected to hononicni^is^ in accordance with the Latin name of Bou- 
logne, ** l^ononior 
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Haring been enabled, by the help of the llev. 0. Fisher, Mr. W, 
Cnnnington, Mr. Horace B. Woodward, Mr. J. C. Mansol-Pleydell, 
Prof. J. F. Blake, and other fnends, to add considerably to my own 
ooBeotion of Purbeck Entomostraoa, among which are many spe- 
dniens collected by Fitton and Brodie, and haring been kindly 
aided in my practical work by Mr. E. T. Newton, F.G.S,, and Mr. 
C* B. Sherl^m, I have b^nn to examine and determine the whole 
aeries of Ostracodous species characteristic of the Purbeck-Wcalden 
beds. As far as opportunities have offered, I have also studied the 
specimens preserved in other collections and museums. 

§ II. The Ostracoda or the Purbeck Beds. 

Sou roes of Info nnatiou . 

Professor Edward Forbes commenced this work of determining 
the Purbeck Ostracoda long ago*; but his results were not fully 
recorded, nor, indeed, is it now possible (as already intimated in 
the papers referred to above) to recognize each of the typical spe- 
cimens he intended to be pre.served, or all the species that he 
intended to determine, although a near apj)roximation, on the 
whole, has been obtained. 

The chief aids in this inquiry have been: — (1) The woodcut 
figures in Sir (’harles Lyeirs ‘Manual of Elementary (ieolog}',* 
oth edit. and in later editions, copied presumably from 

diagrams made (between and for Prof. E. Forbes by his 

brother, James Forbes, for his lectures at the Museum of Practical 
(ieolog}’ ; (2) Some of these diagrams now remaining in that 
Museum ; (3) Some hand-sj)ecimens in the same Mihseum, with 
names given by E, Forbes attached to them : (4) Two MS. notes, 
containing rougli sketches by E. Forbes, one not fullj^ dated, but pro- 
bably written on July iSth, 1S31, and scut to Mr. Bristow (with 
which he has most kindly favoured me), and the other to myself, 
dated July 2.3rd, IS.il. 

Sir C\ LtjelVs Woodevts^ mul the Diagrams at the Masemn of 
Practical (iiohxjy . — From the figures and aceompaii} ing remarks in 
LyelPs ‘Manual’ &c., 1S53, p. 294 &c., and the next edition of 
the same work, vith the title of ‘ Elements of Geology,’ Gth edition, 
1865, pp. 378 & 387, we find that 

1 . “ Cypris^ yihbosa^^ fig. 368, a, 

2. “ ivhercalata,^^ fig. 368, 2>, 

3. “ legtimindla,'’ fig. 368, r, 

are referred to tlje “ Upper Purbecks 

* Report Brit. Abboc. for 18.00, Trans. Sect. pp. 70-81 ; and Edinb. New 
Phil. Joiim. Tol. xlix. 1850, pp. 311-313. No names of the Bpocics are given in 
either of these publications. 

t “ Cypris'* is far from being the genus to whicli all these Ostracoda are 
really referable. The generic relationships will bo discussed later on in this 
paper. On these points tny friend Dr. George 8 . Brady has favoured me with 
his advice and opinion. 
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4. “ Oypris striatopunctata^^^ fig. 371, a, 

5 , fascicvlata^^ fig. 371, 6, 

0. « granulata,'^ fig. 371, c, 

axo referred to the “ Middle Purbecks and 

7. “ Cypris purhechemis” fig. 375, «, 

8, pvmctata” fig. 375, 5, 

are referred to the “ Lower Purbecks.” 

All of these species, except yranvUata* (fig. 371, c), were referred 
to E. Forbes ” by Lyell ; presumably, however, tuherculata is after 
Sowerby, and striatoptmctata was named probably after Rdmer, but 
erroneously. The woodcuts, and the remaining few of the diagrams 
from which they were probably reduced, are very unsatisfactory 
illustrations of these Ostracods, several essential features not being 
shown in the oblique and clumsy drawings ; and in some cases pro- 
bably waterworn or weathered specimens have been taken for types. 
This is especially noted in Proc. Geol. Assoc, vol. viii. 188.3, p. 58, 
as regards fig. 375, a, which is comparable with only one indi- 
vidual on the slab of Purbeck limestone, Xb^, in the Museum of 
Practical (jI oology, probably examined by E. Forbes, and that is a 
waterworn or weathered little “ specimen, in which the valve lying 
uppermost has been worn or dissolved away by water so far as to 
leave the edge of the underlying valve exposed all round it, and like 
a marginal rim belonging to it.” 

Of the foregoing list, No. 1 is not readily recognizable, and is not 
noticed in the MS. note of July 23, 1854 (hereafter mentioned) ; 
but it is probably a variety of punctata, and, like that, most common 
in the upper part of the series. To this conclusion, Forbes's letter 
to Mr. Pristow (July 18, 1851) and the study of and its 

variations easil}^ lead me, having in view a large series of Purbeck 
specimens. Xo. 2 is met with raiely in the Middle and Upper 
stages of the Purbeck formation. No. 3 is easily recognized in the 
Middle, and occurs also in the Upper beds. 

No. 4. The form here intended is rare ; it is better figured in the 
sketch in the letter to Mr. Bristow. It is found in the Middle 
Purbeck. No. 5 is very characteristic of the Middle Purbeck (as is 
also noted by E. Forbes, and known to the Rev. 0. Fisher and Mr. 
W. Cunnington), both by its abundance there and its absence from 
the other divisions of the scries. No. (5. This, if intended for the 
granulosa of Sowerby, is not that species. Most probably it is the 
granulosa of Rdmer and Uunker, which is rare (as Dunheri, see 
p. 339) in the Middle and Upper Purbecks. 

No. 7 is the characteristic Lower-Purbcck form ; and, although 
badly drawn in fig. 375, n, it is well known to the Rev. 0. Fisher 
and Mr. W. Cunnington by direct information from E. Forbes, and 
is plainly indicated in his letter to Mr, Bristow. No. 8 is different 
from any Lower-Purbeekt species, and, indeed, is recognizable as an 
* Referred to “ Sowerby.” It is not, however, the granulosa of SoWerby, 
but is rather tlie granulosa of Romer and Bunker, which I now term Duniceri, 
f Although this form occurs in the so-called “ Lower Purlteck ” of Swindon, 
we must remember that the whole of the series (Upper, Middle, and Lower) 
is represented there. (See further on, p. 331.) 
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abundant and characteristic Upper-Purbeck species and tho prede- 
cessor of Cypridea valdensis of the Woalden formation. It is 
mentioned in the Cat. Foss. Mus. Pract. Geol. 1865, as belonging to 
the Upper Purbeck, probably by mistake. 

E. Forbeses Letter July 18, 1851. — The sketches in E. Forbes’s 
letter to Mr. Bristow, dated only “ Friday, 18th,” but, from internal 
evidence, written in July 1851, are : — 

I. For the Upper Purbeck: — 1. Cypris spinosa : a largo black 
Cypris in some beds, with very prominent spines.” This is probably 
an exaggerated form of Cypridea tuberculata (Sow.), which in some 
cases has larger tubercles than in others. 2. “ A usually dark or 
black species, smooth to the eye, but really punctate ; (7. yibbosa^ 
perhaps identical with valdciisis,^' This I take to be E. Forbes's 
punctata and its rariely yihbosa, 3. “ A verj' small fellow, like 
snail’s dung, shaped like a pea-pod.” This is called “ O. Icyuminel- 
loideSy^ and is evidently the leguminella of Lyell’s list. 

II. In the Middle Purbeck : — 1. “ A granulntod 8])ecies ; scarce : 

C, granulosa'^ !Not the granidosa of Howerby, though evidently 
thought to be so here and when given as granulata in Ly ell’s list 
(1855) and in the MS. note of 1854. 2. “ C, fasciculata, A 

fasciculated species, perhaps a variety of granuloma ; with two little 
bundles of tubercles, one at each end. This is tho most charac- 
teristic Middle-Purbeck species,” It is the fasciculata of Lyell’s 
lig. 371, h; and it is essentially tho same as Cypridea granulosa 
(Sow.). 3. “An oblong species, with punetations and striations 

both ; C. striatopunctata. This is rare, and only in tho ‘ Inter- 
marine Beds.’ ” Probably named after lliimer's striatopunctata^ but 
it matches neither Homer’s nor Bunker's iigures and descriptions, 
and Prof. Dr. Dunker* believed it to be different. 4. “ I have 
notes also of a peapod-shaped species, larger than that of the” 
\leguminelloide8']. This larger peai)od-form is probably my Cyprione 
Br^ovii, 

III. “ In tho Lower Purbeck the Cyj)rides are all smooth and 
oblongt, and rather fat : Cypris pvrbeclensis"'' This sketch is free 
from the false margin referred to above (p. 313). 

E. Forbes's Letter to T. li, Jones , — In his note of July 23, 1854, 
Prof. E. Forbes informed me whereabouts the Purbeck “ Cypridea ” 
were to be found (just about as now) in tho Museum at Jermyn 
Street, and enumerated the following names, as “given to the 
principal ones,” together with small rough sketches ; — 

“ Oyp, tuberculata^^ y 

leguminella, 

— rranulata, 

fasciculata, 

punctata, 

purheehensls (smooth), 

striatopunctata,"'^ 

* In letter, (See further on, p, 310, note.) 

t By those two features C, punctata is shut out from tho Lower Purbeck, in 
which Bristow (in Damon’s ‘ Geology of Weymouth * &c., new edition) and 
I^ell give it by mistake. 
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There is no special order kept in this list. The false margin is 
partly indicated for purhechensis, and the name granulata, as in 
Lyell’s list (fig. 371, c), is probably given by mistake for granulosa 
of Romer and Dunker. 

The Vertical Sections published by the Geological Survey, — Only 
three “ Cyprides with specific names (tuberculata^ leguminella, and 
purheeJeensts) are affixed to any particular bed in the Geological 
Surveys ‘‘Vertical Sections ” (Sheet No. 22) of the Purbeck strata, 
made after Prof. E. Forbes had finished his survey-work. In the 
successional table of the strata seen at Durlston Bay there are six 
Cypridiferous beds, or groups of beds, indicated for the “ Upper 
Purbeck,’^ the topmost containing “6'. tuherculata for the “ Middle 
Purbeck” twelve such beds; and for the “Lower Purbeck” two 
such si)ecial zones. Among the strata seen at Worbarrow Bay 
there are indicated one such bed for the “ Upper,” two for the 
“ Middle,’’ and five for the Lower Purbeck ; ” at Mewps Bay, 
one lor the “ Upper,” three for the “Middle,” and three for the 
“ Lower Purbeck.” For the section at Ridgway Hill, north of 
We\ mouth, there are two such zones in the “ Upper;” four in the 
“ Middle,” in one of which “ 0, leguminella ” is named ; and six in 
the “Lower Purbeck,” in the uppermost of which “ G. purhechemis ” 
is mentioned. 

The persistency of several of these Cypridiferous zones throughout 
the Dorsetshire sections is very noteworthy. How far the same 
species of Obtracoda hold their own along these zones is not yet 
determined ; but possibly the appended lists (though imperfect) will 
throw some light on this subject. 

Lists of Purbeck Strata by II, W, Bristow^ J, H, Austen, and 
0, Fisher , — In Mr. Bristow’s Purbeck list, in the new edition of 
Damon’s ‘ Geology of Weymouth’ &c., 1884, i>p. 202, 207, & 209, 
the species referred to the three divisions of the Purbeck series are 
the same as in Lyell’s ‘Manual’ above quoted. No “Cyprides” 
are specially mentioned in the Rev. J, H. Austen’s list* in his 
‘ Guide to the Geology of the Isle of Purbeck ’ &c., 1852 ; or in 
the Rev. 0. Fisher s list of the strata at Swanage Bay, Trans. Camb. 
Phil. Soc. vol. ix. p. 508 &c., 1855 ; but in his list of the strata at 
Ridgway Hill, “ Cypris purbeckensis ” is affixed to one of the Lower 
Purbeck beds. Both the Rev. 0. Fisher and Mr. Cunnington have 
favoured mo with named specimens of C, purbeckensis and C, 
fasciculata, 

Fitton and Sowerhy ; and Dr, Fittons Specimens in the Museum 
of the Geological Society, — Of the Cypridae referred by Fitton in 
1836 to the Purbeck formation, unfortunately we cannot speak 
with full certainty. 

Cypridea valdoisis (Fitton), first and erroneously referred by 
J. de C. Sowerby to Cypris faba, Desmarest, was figured and 
described by him (1824) in the ‘ Mineral Conchology,’ pp. 136-138, 

* In G. Wilson and A. Geikie^s ‘ Life of Edward Forbes’ (1861) it m sng- 
gested, at p. 477, note, that this list was based on information obtained fifom 
the Geological Surveyors. 
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pi. 485, and the figure is very characteristic of a Cypridea common 
in the Weald Clay, as mentioned by Sowerby. This same species 
was referred to, and named Cypris valdensis, by Dr. Fitton in the 
Trans. Geol. Soc. ser. 2, vol. iv. 1836, pp. 177, 205, & 228, and 
by Sowerby at p. 344 ; but unfortunately another form was con- 
fused with it and figured (pi. 21. fig. 1) instead of it. Whether 
this other species was obtained from the Wealden or from the Pur- 
beck beds is not evident from the memoir. At pp. 229 & 260 
C, valdensis is also referred to as occurring in the Purbeck beds ; 
but, in the first place, I did not meet with it, after long and careful 
search in that formation, until lately, when it turned up, quite rare, 
in one thin bed of the Middle Purbeck at llidgway ; and, secondly, 
hand-specimens* collected by Dr. Fitton and marked ‘‘ 6\ faha ” 
(which was at that time regarded as the same) really contain 
C, pitrbecJcensvi, and not O. valdensis. Fitton’s fig. 1 comprises five 
sketches, namely : — (1) a piece of black shale crowded with Cyiirids ; 
(2) an individual of the natural size ; and (3) three views of a spe- 
cimen quite different from the real C. valdensis. Believing that I 
found some specimens like the fig. 1 above mentioned in the Weald 
Clay of Peasemarsh, Surrey, and in the Ironstone of Shotover, I 
seiiarated this form as Ct/pridea Austeni in 1878 (Geol. Mag. dec. 2, 
vol. V. pp. 110, 277). 

Fitton ’s fig. 2 (pi. 21) comprises two species under one name : — 
h and c are Cypridea itdpercidaUi (Sowerby, in Fitton^s memoir), and 
a is C. Fiitoni (^lantell), both from the Weald Clay (pp. 177, 205, 
228, & 345). Fig. 3 is Cypridea spinigera (Sowerby), from the 
Weald Clay (p. 345). Fig. 4, termed “ Cypris granulosa ” by 
Fitton and Sowerby (p]). 177, 269, and 345), is an important 
species, one of the modifications of which is the Cypridea fascicidata 
(Forbes), very common in the Middlc-Purbeck beds. The little 
Cypridiferous light-coloured block figured resembles a bit of the 
common soft whitish Purbeck limestone, or calcareous shale, often 
full of C. fasciculata ; and the two views of the bivalved carapace 
show the surface to be, as usual, nearly bare of tubercles about the 
middle region. The notch was mi8.sed by the artist, and the outline 
not quite accurately given. This species is quoted, at p. 177, from 
the “ ferruginous sand, Tilgate Forest (MantelFs Collection) ; but 
of this locality for it I have no certainty, and, indeed, C. tuberculata 
was probably mistaken for granulosa^ as was decidedly the case 
with a specimen collected by Dr. Mantoll, and now in the British 
Museum. The localities given at p. 260 — “between Dallard’s 
Farm and Catherine Ford ’’ and at “ Dashlot, between Penthurst 
and Teffont — are doubtlessly true for this species. 

The figures given by Sowerby for Fitton’s memoir approach very 
closely G. fasciculata (E. Forbes), as intimated above ; and, indeed, 
Forbi (in the letter to Mr. Bristow) refers his fasciculata with 
some doubt to C. granulosa (meaning, no doubt, Sowerby’s species, 
though the sketch does not agree with it) as a variety of that 
species. Forbes’s /asciettZato does not occur in the Wealden bods ; 

^ Such as those referred to at pp. 259, 260, of Fitton’s memoir. 
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but a form resembling our figs. 10 and 17, PI. IX., is figured by 
Kdmer (badly) and by Dunker from the Wealden of Obemkirchen 
and the Purbeck limestone of the Deister, as G, granulosa, Sow. ; 
and Forbes’s MS. sketch of granulosa (in Mr. Bristow’s letter) also 
approximates to fig. 17, PI. IX. 

Among Dr. Fittou’s collection deposited in the Museum of the 
Oeologioal Society, there are mounted specimens of the G, tuberculata, 
fig. 2 (pi. 21), and G, sj9m?^em,fig. 3, both Wealden species. There 
are none mounted, however, of the forms represented by his figs. 1 
& 4 ; but specimens like fig. 4 occur freely in some of the rock- 
specimens preserved in that collection. 

For the specific names of the Oypridse mentioned and figured in 
Dr. Fitton’s memoir (1836) in only one case I refer to Fitton as the 
authority. He especially states that he gives the name valdensis 
at p. 177; but the other species were determined by J. de C. 
Sowerby, and to him I refer as their authority, as, indeed, does 
Dr. Dunker, though F. A. Homer regarded them as Fitton’s species. 

Interesting notes on the casts of “ Cypris’* observed in the 
Lower-Purbcck beds, overlying the Portland Stone at Portland, are 
given at pp. 219 k 229 of Dr. Fitton’s memoir “On the Strata 
below the Chalk ” <fcc., Trans. Geol. Soc. ser. 2, vol. iv. (1836) ; 
but their importance is much lessened by the absence of definite 
descriptions and figures. A species said to be near to C. spinigera, 
and one with a “ protuberance at the end of the valves,” are indi- 
cated. At p. 212 “ 0, fuherculata ” and “ G. valdensis ? ” are also 
referred to as occurring at Portland, about 20 feet above the 
Portland Stone*. The specific determinations of these little 
organisms, however, were in many cases inaccurate in those days. 
The Cypridiferous beds in the Purbeck of Bucks are noticed at 
p. 297 ; of Wilts at pp. 259 & 260 ; of Dorset at p. 229. 

Other Collections, — The Purbeck specimens in the Museum of 
Practical Geology and the British Museum have also been carefully 
examined. The results are incorporated with the lists given in the 
sequel. So, also, with specimens kindly communicated by the Eev. 
0. Fisher, F.G.S., and W. Cunnington, Esq., F.G.S., as well as my 
own large collection. 

§ HI. The Ostracoda of Wealden and reputed Wealden 
Strata. 

Fitton, Sowerby, and Mantell, — In treating of the Purbeck 
Ostracoda it is obviously necessary to have a preliminary notice of 
the Wealden species so far as they have been described ; for some 
of the forms recur in this upper formation, and most of the series 
have some mutual relationships. Gypridea valdensis (Fitton), 
C. Austeni, Jones, C, tuberculata (Sow.), and <7. spinigera (Sow.), 
have been referred to above, being noticed in Fitton’s memoir. 

In 1844 (‘ Medals of Creation,’ vol. ii. p. 545, lign. 119, fig. 2) 

* Probably No. 389, further on, at p. 325; is such a bp^men, definitely cha- 
racterized by C, boiioniensts, C, ansata, and C. purbcckensis. 
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Dr, G, A. Mantell separated, as “ Cypris a ( haraetoristic 

Wealden species, some of the figures of “ C. tahermlatu in Fittotfs 
memoir (1836). 

Samer and Bunker . — ^Tho so-called ^‘Wealden” beds of North 
Germany yield several interesting species, some of which are found 
in England abo. 

In 1839 Fr. A. Ebmer (‘ Verstein. norddoutsch. Oolithongobirges ’) 
figured and described (p. 52) from the “ Wealden” beds of North 
Germany — 

1, Oypris valdensiSf Fitton, pi. 20. fig. 20^ a, 6. Badly drawn, 

and with strong beak, although the reference is made to 

fig. 1, pi. 21, T^ns. Geol. 8oo. ser. 2, vol. iv. 

2, oblangay Bdmer, fig. 21. Figured diiSerently by Dunker 

' afterward. 

3^ giriaiopunetata^ Edmer, fig. 22, a, b. Figured by 

Dunker more distinctly afterwards. 

4. tuberculata, Fitton, fig. 23. Differing, however, some* 

what in shape. 

5. yranulosa, Fitton, fig. 24. Figured difierently by Dunker 

subsequently. 

The figures are poor, and the descriptions scanty ; but tht» fonns 
oan mostly be recognized with the help of Dr. W. Dunker’s * Mono- 
graphic nordd. Wcaldenbildung,’ 1846. Herein ho gives — 

1. Cypris vahlensis. Sow., p. 59, pi. 13. fig. 29, f/, h. Copied 

apparently from SowerbyV original figure. 

2, hfviyata^ Dunker, p. 59, j)l, 13. fig. 25. 

3. ohlongn^ Homer, p. 60, pi. 13, figs. 24 k 2(), a, b. Figured 

here with a beak, 

4. striatopuncUtta^ Homer, p. GO, pi. 13. fig. 32. 

5, yranixlosa^ Sow., p. GO, pi. 13. fig. 31. Differing from 

C. granulosa^ Sow., in Fitton's memoir, pi. 21 . fig. 4. 

6, tuhercttlafa (?), Soav., p. 60, pi, 13. fig. 30, «, b. Differing 

from C. iuberndafa, Sow., Fittx)n’8 memoir, pi. 21. fig. 2, 

7. roatrata, Dunker, p. 61, jd. 13. fig. 27. 

8, pinrupformis^ Dunker, p. 61, fig. 13. fig. 28. 

These are all figured as belonging to the genus Cyiirideay having 
the antero-vontral notch and beak. 

Of the several Ostracoda described by F. A. H<imcr(1839) and 
W. Dunker (1846), from the Purbcck- Wealden formation of North 
Germany (seo above, and Geol. Mag. dec. 2, vol, v. 1878, pp. 104- 
106), Dr. C. Struckmann* refers C. valdemis, C, oblonga^ and (7. 
gramdosa to the Purbeck di vision. These determinations, however, 
are probably open to revision. 

The late Dr. Dunker regarded the Wealden of Hanover, and that 
of North Germany in general, as the equivalent of the English 
Purbeck. (In letterf.) 

* * Dio Wealden-Bildangen der UmgOTOnd von Hannover/ 1880, p. 56. 

t My old friend, the late Dr, W. Dunker, of Marburg, wrote the following 
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Unfortunately there is much difficulty in correlating Beveral of 
the above-mentioned species. In the first place, Bomer gives the 
leak to one only, and Dunker figures all as being beaked more or 
less distinctly ; secondly, the outlines given by the two authors dis- 
agree in nearly every case. 

In the British Museum are some specimens, from Obemkirchen 
and the Beister ; and a careful examination of them gives me the 
following species (associated with Estheria elliptical Dunker) : — 

1. Cypridea punctata (Forbes), as figured in the Appendix of my 

Monogr. Foss. Estheriie, pL 6. figs. 26-30. I presume that 
Bbmer’s fig. 20 and Durdeer’s figs. 27 A 28 may have been 
drawn from variously modified (and partially imbedded?) 
individuals of this species. 

2. Dunkeri^ n. sp. Presumably Bdmer’s %. 24, and eer^ 

tainly Bunker’s fig. 31, represent a good species, which is 
not Sowerby’s “ granuhmy^ and therefore has been renamed 
in the sequel (p. 339). 

3. Cyprione Bristovii, gen. et sp. nov., and 1 These two may pos- 

4. Darwinula* legvminella (Forbes). j sibly have been in- 

cluded under the “ Cypris ohlonga ” of Kdmer and Bunker ; 
but Edmer’s fig. 21 and description fall short of the reality 
of the first, and do not illustrate the second ; and Bunker’s 
fig. 26, though nearly like the first in outline, is markedly 
beaked^ and therefore diverges, either really or by misa^dven- 
ture, from it and stiU more from the second form mei^tioned, 
which, however, is very abundant, and would readily furnish 
material for Bunker s fig. 24 — a little Cypridiferous slab, of 
natural size, 

6. Cypridea granulosa (8ow.),=/(5r,vcw’?*Za<a (Forbes), also occurs 
in these Hanoverian shales at Miinden t, though not men- 
tioned or figured by Eumer and Dunker. This, we shall 
see, is a true Purbeckian species in England. 


note, a verj' short time before liis death, in reply to some inquiries I had 
made : — 

**The Cypris hfriatnpimctafa^ Ed. Forbes, is altogether different from C. 
striatopunctata, Eomer : see Eunkcr’s * Monographic ’ &c., where the latter is 
sufficiently ^ell figured. Unfortunately I cannot send you a specimen, as the 
originals were borrowed by me and have long ago been returned. Your new 
species from the English I'urbeck [judging from figures supplied] has nothing 
in common with the C. sfriatopunctata of Romcr. In my opinion the Wealden 
of Hanover, and of North Germany in general, is equivalent to the Purbeck of 
England.” 

Communicated to me by Br. Broekmeier, at the request of Madame Bunker, 
March 18, 1885. 

* The generic name “ Varwinella ” was gi^en by Brady and Robertson to a 
very interesting Ostracod to Tvhich this Purbeck- Wealden form is distinctly 
related. The same name, howe\er, lias been used already for a Sponge by 
Firitz Muller ; and “ Barwinida ” has been suggested by a friend, and approved 
of by G. S. Brady, as a substitute. See further on, p. 346. 

t Perhaps these belong to the “ Munder-Mergel,” described by Struckmann 
as transitional between the Portland and Purbeck formations. See Qool. Mag. 
dec. 2, vol. viii. 1881, p. 479. 
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* 

ISMotwr md JSMerfidd Specimmi.— In 1878 (Geol. Mag. dec. 2, 
idi pp. 108-109, pi. 3. figs. 3-10) I described and figured some 
Oefaraeoda from the Ironstone of Shotover Hill, near Oxford. These 
indttde both Wealden and Purbeok species. Some of the specific 
determinations require revision. Candom Phillipsiana (p. 108), 
fig. 3, seems to be a good species ; but I failed in my endeavour to 
fix the Cypridm figured as 5, 6, and 7 ; for fig. 6 is in all essentials 
equivalent to the Purbeck species, (7. cfratiuhsa (Sow., in Fitton, 
which I now find has the leak and notch\ being granulated at the 
ends and not in middle, and it was badly grouped with the spinose 
valves (with sharp tubercles), figs. 5 and 7 ; nor was the collocation 
of fig. 4 (a coarsely tuberculate foim) with these conect. They are 
all called verrucosa (pp. 108, 109), but the List ma> well bo the type 
of the species, the intensity of its wart} ornament ha\ ing caused it 
to be regarded as the strongest, or var. a amt (p. 10s), whilst the 
spiny valves are not truly verrucosc or A\art}, and the slightly 
verrucose fig. 0 must go to C, (jranulom (Sow.), since the latter is 
found to be rcall} a Giipruha, I now find specimens like figs. 5 
and 7 in the Wealden shales of Sussex, and propo'^e to call them 
C, acuhata. 

Fig. b and fig. 1 of FittonV pi. :21 (whn li latter is not “ vahhnsis,* 
though called so by him and Sowerb\) 'were tieated by mo, in the 
paper referred to, as Cijpruha Ausitui (pp. 109, 110, !^77). Figs. 9 
and 10 were named by me hiynnosa ; and this seems to bo a 
permanent form, having representatn cs in t he Su'-sex W e«ild. Fig. 11 
is an outline of the common C, ialdttisis^ like that of Kent and 
Sussex. 

Of the other Ostracoda in pi. 3, Geol. Mag. Is7b,figs. 1 2-1 G wore 
from the ‘sSubwealdeu Bonng'* at Netherfield, near Battle, in Sussex. 
Fig. 12 is probabl} a IJarwuinla, near to J), hyununella (Forbes); 
figs. 13 15 are Cyprtden punctata (Foibes), not “ vaUhn^iSf^ p. 110 ; 
and fig. IG is C, yranulosa (Homer and Dunker), p. 110, but, tor 
convenience of nomenclature, now named Danker i . all from the 
Upper Purbeck. 

The Shotover species w ill therefore stand thus : — 

Fig. 3. Cando'iva Philhpsiaiux^ Jones. 

4. Oypridea verrucosa^ Jones. 

5. 7. acuJeafa, Jones. 

6. granulosa (Sow.). A characteristic Mid- Purbeck 

species. 

8. Axisteni^ Jones. 

9, 10. hispmom, Jones. 

11. valdensis (Fitton). 

Those from the boring at Netherfiold thus : — 

Fig. 12. Darwinula ? 

13, 14, 15. Cypridea punctata (Forbes). 

16. C. Dunkeri^ Jones. 

In Mr. Topley^s ‘ Geology of the Weald ’ (Geol. Surv. Mem. 1875) 
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there ate eeyeral references to the ooentrence of Oyprid® in the 
Pcurheck beds near Foondsford, Mountfield, and elsewhere in Snssex 
^p. 31, 41, 408, &c.) ; but the specific determinations are doubtfdl. 
^e specimens were noted on the spot by Mr. Etheridge, but have 
been since mislaid. 

Synonyms of Cypridea Austeni ♦, Jones^ 1878. 

Cypris valdensisj Fitton and Sow. (not Sow,, Min. Conch, tab. 
486), Trans, Geol. Soc. set. 2, vol. iv. 1836, p. 177, pi. 4. fig. 1. 

Cypris granulosus (part), Mantell (not Sow.), Wonders of 
Geology, 1838, vol. i. p. 344, tab. 46. fig. 7 ; O. granulosa^ 6th edit. 
1848, vol. i. p. 405, lign. 08, fig. 1 ; 7th edit. 1857, p. 419, ligru 
104, fig. 3 ; Medals of Creation, 1844, vol. ii. p. 54^ Hgn. 119, 
figs. 1, 1 rt; 2nd edit. 1854, vol.ii. p. 527, lign. 174, figs, 1, la. 

Cypris valdeims, Lycll (not Sowerby, Min. Conch.), Elements of 
Geology, 1838, p. 348, fig. 185 ; 2nd edit. 1841, vol. i. p. 417, fig. 201 ; 
3rd edit, (as ‘Manual of Elom. Geol.’), 1851, p. 228, fig. 233; 
4th edit. 1852, p. 228, fig. 233 ; 5th edit. 1855, p. 203, fig. 306. 

Cypridea Austeni^ Jones, Geol. Mag. dec. 2, vol. v. 1878, pp. 109. 
110, 227, pi. 3. fig. 8. 

Dr. Fitton’s wording at p. 177 of his memoir would necessitate 
the adoption of the name “ vaJdensis ” for this form, to the figure of 
which (his fig. 1, pi. 21) he there refers, were it not that he alludes 
to Sowerby’s description of tho real valdensis as Cypris faha (a 
name by which it was at first known), and especially refers to Sow- 
erby’s figure in the ‘ Min. Conch.’ tab. 485, as well as to the “profuse 
abundance ” of the species in the Wealden Beds. 


§ lY. List of Spectmens with well-determinei) Localiiies aed 
Horizons. 

I. Ostracoda from the Upper-PurheeJe Beds. 

Dorset. 

§ 1. Durlston Bay t. 

Nos. of the speci- 
mens in T. E. J.’s Locality. Collector or Museum. Species J. 

Collection. 

ii'TjBrOQ'i / “ Near Peverel Point ” || Swanage ^ punctata and 

11 / I u Qf Flagstaff ; below other marl ” \ var. posticalis. 


* Named after my friend the late Mr. R. A. C. Godwin- Austen, of Shalford, in 
whose company I found the specimen at Peasemarsh, and who directed me to 
the shale-heap of Upper-Weald Clay, thrown out in digging a reservoir at the 
brewery there. 

t A general account of the Purbecks of Durlston Bay is given by Mr. Hudle- 
ston and others in the Proc. Geol. Assoc, vol. lii. pp. 377 and 386-390. 

+ The generic names are omitted for convenience. 

I See also Catal. Rock-specimens Mus. Praot. Geol. 1862, pp. 143, 144, 
“ compact freshwater limestone in thin bands, in Upper Cypris-shales of the 
Upper-Purbeck Beds.” Note also that * **C. punctata ” is quoted from the Marble- 
rag beds, Upper Purbeck. at p. 143. 
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‘ List of Specimens tfcc. (continued), 

No 8« of the speoi* 
mens in T. K. J.’s 

OoUectiou. Locality. ColWtor or Muscmiih Spoi'ies, 

34 & 48. “ Durlston Bay. J. Morris,” April 1, 

34 a. “ BurlcsUme.’' Collected by Prof. E. Ttenexipr \ 

he was in Eu»;laii(l in iSol 1) \ ^ 

^34 c 1 •’ • K.Ct.S. 

34 D. “Durlestone. Broilie, Jun.” British Museum, jninctata, 

405. Burlston Bay. “Between Burstone and Marble-beds.’ i 

Impure laminated limestone, eomjmsiHl of ('.punctata pvnetata, 
ana brolten Cyclas. J. C. Mai.sel-Pleydell, 1HH4. I 
397a«&b. Burls! on Bay. “A. Cypris-shale.’’ Rotten ealeareou*. | 

shale, eonip 08 i‘d chiefly of r.paae/aff/ and a small form. I venfroaa. 

«T. C. jilunsel-Pleydell, 1884. | (('(fuminella. 

1 Dvnheci, 


40. 

40a& 
40 AA. 

133. 

387. 

379. 


*' Burlest one Bay.’* 

'Burlston Bay. Cypri.s-beds. Rev. 0. Fisher, F.Cl.S. 

British Museum “ .V,)2.’>4 ; afid another s]>eeimen, 
“ W. R. Brodie, Brit. Mus.” 

Burlston. “ No. 4 bod of Austen’s list.*’ “ Cypris- 
shales.” 

“Peveril Point Beil no. 84 of Air. Bristow’s list in 
Damons new edition of the ‘Geology of Weymouth,’ 
1884, p. 201. Bark-grey shales, with band of crys- 
talline limestone.” 

Horace B. Woodward F.G.S., 1884. 

“ Burlstone Bay, bed no, 84. Bark-green shales.*' 

n. B. W. 1884. 

Burlston Bay. “ Crocodile Bed.” 

W. R. Brodie. Brit. Mus. 


, rnitrosa. 

I lirintocii, 

{ pvnetata. 
renirosa. 
Bristovii. 

I punctata, 

\ 

I 

V vmifOBa, 


/ 

I punctata, 
I punctata. 


§ 2. Mewpi Bay. 

27. “ Meups Bay “ Cypris-shales.” 


punctata, 

Mnculata, 

jBm*foi'//(8maU). 


** Mupes Bay,” Tbin Cypridiferous lime.stonc. 

Aluscmm Praet ieul Geolog}^ Xiij;. 
Named “ Cypridea tuhemdata ” and “ valdcnds m the 
Catal. Foss. M. P. G.” 1885. p. 254. 

377. “ Mewps Bay, Upper Cypris-shales.” I'hin, blue-hearted 

limestone, composed *of Cyprids +. 

Horace B. Woodward, J uly 1884. 

378. “ Mewps Bav. Limestone bands in Upper Oypris- 

shales." ‘ H. B. W. July 1884. 


punctata and 
var qihhosa. 
BuuJccri, 

punctata. 

leynminclla. 

[ punctata. 
kgvmittcUa. 


* Of all the specimens presented to me by Mr. Horace B. W’^oodward, there are 
good representatives in the Museum of Pracf iral Geology, 
t “Mewps Bay” in Catal. Rock-sjKJciimms Mus. Praet. Oeol. 1862, p. 144. 
t So abundant are the Cypridae in the Purbeek formation that many strata are 
wholly composed of these Mierozoa. Home such beds furnish good building stone. 
The Rev. 0. Fisher informs me that tlio spire of All-Saints’ Clnireh in Borchestcr was 
built of the “ Cypris-fn^estone,” “ No. 143 ” in his list of the Swanage strata in the 
Trans. Cambridge Phil Soc., and topped with a conical bhjck of stone from the bed 
na 13^ consisting of cockle shells. 
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List of Specimens &c. {continued). 

Nos. of tlie speci- 
mens in T. R. J.’b 

Collection. Locality. Collector or Museum. Species. 


§ 3. Bacon Hole, 

Bacon Hole. 

Specimen Xb| (Catal. Foss. M.P. G-. 1865, p. 254). 
Bacon Hole. Thin Cypridiferous limestone. 

British Museum. 

§ 4. Bidgwatj, 

Ridgway. With Paliulina. M. P. G. i[| 


( pmctata. 
tuberculata. 
leguminella. 


punctata. 


Gyj>ridea puw-tata is notably the most abundant species in the IJpper- 
Purbcck Series. 


II, Ostracoda from the Middle- ParhecJc Beds. 
I. — Dorset. 


§ 1. Burlston Bay. 


39 & 118. 


Near Swanage. Specimens chipped off a large block of' 
Purbeck Limestone (bearing vermiform markings and 
two large pachydactylouh trifid footmarks), which for- 
merly stood in the Hall of the Geological Society’s - 
Apartments in Somerset House, before the removal 
to Burlington House. Another such block is in Corfe- 
Oastle Museum. / 


fasciculataK 


“ The bed with trifld marks comes in the ‘ Corbula-beds ’ of the 
Middle Purbeck at Durlston Bay [nos. 24-29 of J. H. Austen’s 
section, 1852]. It is the ‘Toad’s-eye Limestone’ marked ‘ No. 68* 
in the section published in the new edition of Mr. Damon’s book, 
1884, p. 203. This ‘Toad’s-eye Limestone’ is a variable bed, 
splitting up into three or four layers ; but sometimes these are not 
distinct, and it then simply has ‘ rotten ’ veins of indurated marl.” — 
H. B. Woodward ; Letter, 2Gth October, 1884. 


74. 

31. 

44. 


56,57, 

58. 


“Durlston Bay. Top of the Cinder-bed.” t fasci^kUa. 

“ Lower beds of Middle Purbeck. Cypris-limestone.”... fasciculata. 
Hard, blue-hearted, thin limestone or compact Cypridi- f ventrosa, and 
ferous sliell-grit. “ Below the Reptile Bed. t J -var. globosa, 

J. Morris, Nov. 21, 1873.” I Bristovii, 
Shale. Cypridiferal shale, largely composed of broken] 
and perfect valves. “ Lower b^ of Middle Purbeck.” ( 

“ Below Beckles’s bed ” (no. 93 of Austen’s list, p. 

13, called a “ dirt-bed,” but really a lake-bottom). 

Durlston Bay. Thin crystalline limestone, composed of 1 
Cyprids, and showing them freely on the weathered 
flaking of the surface. ‘ M. P. G., Xb^. J 

Durlston Bay. M. P. G., Xb|. 


pfuneiata, 

Bnstovii. 


fascicuhita. 


^ This name is used hero for convenience, it being well known and indicating the 
more pronounced and common modification of Cypridea granulosa (Sow.), 
t See ‘ Oatal. Rock-specimens, M. P. G.* 18(12, p. 142. 

% There are several reptiliferous beds ; if the bed worked by Mr. S. H. Beokl^ be 
intended, it is no. 93 of the Rev. J. H. Austen’s list, 1852, at the base of the Middle 
Purbeob. 
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list of Specimens &c. (continuied). 


CloUMitioiL Locality. Oollootor or Museum. Species. 

I punctata. 

Porlston Bay. Thin limestones. M. P. G., Xsf . \ ventrom, 

i legutnimlla. 

368*^. Durlston Bay. Very thin Oypridiferous limestone. | 

Durlston Bay. M. P. G., Xb|. punctata. 


Durlston Bay. 


Durlston Bay. M. 1 

** Durlston ; between H and 1.” With Melon 

M. 

•* Durleston Bay. Bed no. 48 * ; * lias rag.’ ” 


faseiculata. 


M. P. G., Xb^ 4 j^notata, 
[Forbemi. 


M.P.G.,«.; large). 
868. “Durl«rtonBay. ^ Igg^ 

{ ** Durleston Bay, Swanage, * Turtle-beds,’ between Free-' 
rtone Quarry Md Ws Vom,” will, Cyrr«.. 

(Austen 8 nos. 63-6< , about.) ^ ^ 

J. 0. Mansel-Pleydell, 1884. . 

74. Durlston Bay. “ F.*om the top of the Cindcr-Bcd.” \ 

Rot. O. Fi-^iher, January 1883. 

406 A I “ Durleston Bay, Swanoge. Abore Oinder-bed.” f 


. C. Ma,,»l-Ple)doll. 1884 '“'8® 

^ [ specimens. 


306. / “Durleston Bay. Under Cinder-bed ’’With 0.s/rm.(Lower | 

399, part of Austin’s no 71 ?) J. C. Mansid-Pleydell, 1884. 

401, Durleston Bay. Below <5mder-bcd.” With Cyrr mo and 

402, Melanopm^ (Austen’s no. 72.) \ paucigramdata. 

m.{ J. C. Mansel-Pleytlell, 1884. 

“Button Bed. Purbeck I. 8809. Greenough.” I 

Gel. Sot. 

“tombstone Bed. Swanvick.8743. Grcenoiigh. In cla\e\' 
parting.” Geol. Hoc 9 

This 18 no. 4r) of Bristow’s List (m Damon), 1HM4 , and ” 
nos. 69 and 70 of Austen s List, 18,V2. 

“ Tillywhiin ITill. Fitton, 929.” Limefatone. Qeol. Soc. fasciculata. 


§ 2 . Mewps Bay, 

Mewps Bay. With Valvata, 

61, Mewps Bay. 


M. P. G. fasciculata. 

f posticalis. 


And M. P. G. Xb^ 


legumimUa. 

iWhcbiu 


§ 3. Worharrow Bay. 

I/—* 

§ 4. Bidgway. 

r posticalis, 

ytarbesii 

381. “ Bidgway Hill. Coarse marly limestone with yellow) 
stains.’*^ H. B. Woodward, July 1884. | 


♦ Mr. Bristow’s list in the now edition of Damon’s ’ Weymouth,’ Ac. 
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List of Specimens &c. (contintieci). 

Nos. of the speci- 
luens in T. E, J.’s 

Oolloction. Locality. Collector or Museum. 

“Eidgway. Chert and its dirt-bed.” 1865. With'^ 
Char a, fishbone, &c. 

“Chert-bed, Eidgway. 0. Fisher.” With C'kara, and 
Planorbis ? Geol. Soc. . 


Species. 
valderuiis 1. 


Forbesii. 


38&45. 

83,84, 

85. 


387*. 


punctata. 


II. Wilts. — Vale of Wardour, 

Teffont. W. Cunnington, F.G.S., Sept. 1870. fasciculata^ 

I Teflbnt. Eer. O. Fisher, January 1883. famculata, 

Teffont. The Eev. 0. Fisher, in the Eev. P. B. 

Brodie's paper, Quart. Joum. Geol. Soc. vol. x. p. 476, 

mentions famculata. 

Vale of Wardour. With Cyrena. M. P. G. fasciculata, 

“ Dallard, Wilts. Fitton.” Limestone, made up of Cy- ] 
pridae. Geol. Soc. J 

194. “ Between Hand Cross and Chicksgrove.” SeeFitton’s"] 

‘Memoir on the Strata below the Chalk,^&c., 1837, I 
pp. 251, 260 Cypridas, with some casts of Cyrena^ 
making up the rock. Oasts of CyT^mcc full of Oypridae. | 

The rock a mass of C^ypruhe. J 

197. Ladydowii. See Fit I on’s ‘ Memoir,' &e., pp. 262, 272. fasciculata. 
“ Lady Down. Mi8^ Benett. 9674.” Geol. Soc. fasciculata. 

“ Lady Down in Tisbury. Miss Benett.” With Ksh- j f^ulaia. 

remains (Sauropsis). Geol. Soc. J 

“ Between Dallard and St. Catherine’s Ford. Fitton.” 1 

Geol. Soc. J 


-fasciculata. 


Cypridea yraiiulosa (fasciculata) is particularly characteristic of 
this division of the series, and Metacypri^ Forhedi is also peculiar 
to it. 


III. Ostracoda from the Lower^Purhech Beds. 

I. Dorset. 

§ 1. Portland. 

389. “ Purbeck stone, Portland.” Fitton. Geol. Soc. I bononunsis. 

Marked as containing “ C. faha*^ (=C. valdcubo^). vmsata. 

A white limestone. ] purhciJanm. 

§ 2 . Diirlsfon Bay. 

360 & 1 “ Durlston Bay, Ihlo of PurlK'ek. Bed No. 9 of lx)wer 1 
368.] PurbeekJ. Soft grey C^pris-shales.” \ purbeckemis 

Horiiee B. Woodward, July 1884. J 

t This is the only instance m >^hicli 1 have found Vypridca valdmois in the Pur- 
beck beds. Some doubtful specimens, however, lna,^ be meiitioued as occurring in 
black shales from a pit in Archer Wood, near Battle, Sussex, and in ironstonejat 
Poundsford. 

} Mr. Bristow’s list in Damon’s new edition. 

II purbcckcnsis, M. P. G. Xn^, is entered in the Oatal, Fossils M. P. G. 1865, 

p. 254, as belonging to the “ Middle Purbeck ’’ (of Durlston Bay ?), together with 8er~ 
pulites and Arcluponiscuc ; but this, I think, must be a mistake, for this species and the, 
other fossils hero mentioned, for by far the most part, characteristically belong to the 
Lower Purbeck. It is referred to as “ 17 in O.” 

Q.J.G.S. Ho. 163. 
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list of Sjwcimeus &c. (continued), 

Koa. of Uie speci- 
menB in T. K. J/b 

Collection. Locality. Collector or Muscuin 


§3. iror^rrotc Baff. 

371. “ M’orbarrow Bay. Hurd slaty limestone m dli occaMonul 
iMirtingb of stindy shale. Hard (’oekle-heiU ” 

11. B \V Juh ISSh 

375. “ Worbarrow Bav. Brown C\pris-lrrt‘-^!<»iu'.'’ 

H. B. W. Juh 1881. 


^ 4. Lulworth, 

273. Lulworth. 


Species. 


purluclcnm. 

nsis. 


pV7 hrcl < HSUi, 

h<nut}tu 


In the ‘Catalogue of Rock-sj)ecimens, Mus. Bract. (Jeol.’ 18(52, 
p. 141, a piece of ‘‘grey slaty limebtoiie ” of the Lom er- Ihirheck 
Series, “with pale marly clay," in the “Soli (’ockle-beds," and con- 
taining pseiidomorphous ciistsof salt-cr\‘^tals. is dt'scribed a.s having 
its “ upper and under surfaces. . . as well as the ca.sts of crystjils 
. . . .thickly covered with Cj^pris liyimitulla,'" Though these little 
bodies at first sight closely resemble Danvinula lerfumineUa, they 
are really minute, subcylindrical, oolitic concretions* composing 
the rock. They stand out whitish on the surfaces, more distinctly 
than elsewhere, on account of weathering ; in the limestone they 
have a brownish tint, and under the microscope the cementing 
matrix is calcareous. Mr. Cunnington has shown me a sf)ecimen 
from Chicksgrove (not far from Teffoiit), w’hich has these oolitic 
grains interstratified with a dense argilJa<*eouH limestoiu'. 

In a grey marly limestone from Teffont, with chert, and containing 
fish-remains (in the Kcv. AV. 11. Andrew's collections), 1 have seen a 
thin layer of similar oolitic granule.s, some ])cdelloid, but most of 
them round and ovoid. 


§ 6 . Riny stead Bay, 

376. Bingstead Bay. From IT. B. \V. Juh This is' 

. a ma8s of small roundish grunuh-s and C’ypnda*, 
coated more or less witli calc-sinter, inehidint: also 
small tubes ?). 'Hus is comparable with a \ pyrheckenm, 

similar Purbeokian bed near Boulogne, see ‘ Prr»eeed. I 
Geol. Assoc.’ vol. >iii. p. 58. niid ‘Bullet, Soc. Gt^'o!. | 

France,’ ser. 3, ^oL viii. p. 610. ) 

§ 6 . Ridgtvay, 

67. Ridgw'ay Hill. From the Be\. O. Fisher 1, Jan. 1883. purhec/caisis. 

372. Bldgway Hill, Upway, Middle rock. Soft C^pris- I , , 

373. “ Bidgway Hill, Lpway,” II. B. W. .July 1884. purhedriim, 

380. “EidgwaylliU, Upway- Dense CypriH-liincsto.i^” 1 

II. Ji. W. July, ]kh4. 


* This is a diflerent oolite from that of the specimen no. from Ridgway, p. 327. 
^ t See the Bev. O. Fisher’s “ Memoir on the Purbeek Strabi,” &e. IVans. Cambr. 
Phil. Soc. vol. ix. 1855 ; Nos. 1 and 2 of the Kidgway List. Given also in Damon’s 
‘Gbology of Weymouth, ’Ac. 1860, p. 111. 
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List of Specimens &c. (continued). 

Nos. of the speci- 
mons m T. E. J.’s 

Collection. Locality. Collector or Museum. 

o84. “Upway, Dorset.” Marly limestone with shell-grit 
and coarse oolite. H. B. W. 1885. 


Species. 

jpurbeckenm. 


II. WlLISHIEE. 


§ I . Vale of Wardour, 

Teffont. In tlie Quart. Joum. (leol. Soc. vol. x. p. 477, ' 
the Rev. 0. Fisher * refers to the local species from 
the Lower Purbeck of Wont. 

Teffbnt. Sjiecimen in Mr. W. Cimnington’s Collection, 

named by Prof. K. Forbes.t 

230. Vale of Wardour. Silicified wood with very JBne S 2 )eci- 
mens of 

75-82. Vale of Wardour | 

365. Lowest Purbeck Bed }, lying on the Portland Limestone '' 
at Oakley (Wockley) Quarry near Tisbury, in the 
Vale of Wardour. A block of this is preserved in the 
Museum of Practical Geology, Jerm^ Street. It 
has been described by H. W. Bnstow, in the 
* Catalogue of the Rock-specimens in the M. P. G.* > 
3rd edit. 1862, p. 139 ; and it has been referred to by 
‘ Prof. J. F. Bl^e in the Quart. Journ. Geol. Soc. 
vol. xxxvi. 1880, pp. 190, 200 ; by Sir A. 0. Ramsay, 
ibid, p. 236, and by W. H. Hudleston, in the Proc. 
Geol. Assoc, vol. vii. 1881, p. 174. ; 


‘purbeckenbis. 


purbeckensis, 
' purbeckemis, 
hononiensis. 
amata. 


hononiensis, 

ansata. 


* I have also received from him (Jan. 1883) C, purbeckensis collected at Teffont by 
the Rev. W. R. Andrews. 

t Extract from a paper on ‘ The Geology of the Vale of Wardour,* by Mr, W. 
Cunnington, F.G.S., read at the Blackmore Museum, Salisbury. (In a letter from Mr. 
Cunnington, February 1885.) “According to Prof. E. Forbes Ci/pris tubcrculata is 
found only in the Upper Purbecks, Cypris fasciculata in the Middle, and Cypris 

•purbeckensis in the Lower It appears that the Upper Purbecks are altogether 

wanting in the Vale of Wardour 

“ In the year 1851 I had the pleasure of accompanying Prof. E. Forbes and other 
geological friends in a tour through the Vale of Wardour. Passing down a lane 
between Teffont and Tisbury, 1 broke off from the rock at the side of the road, a small 
piece of stone full of Cyprides ; and, showing it to him, he said, * This is Cypris fas- 
ciculata', within a few yards lower down you ought to find Cypris purbeckensis;* and, 
as he predicted, w ithiii the space mentioned, I found the very species. The specimens 

are now on the table As this was Mr. Forbes’s first visit to the spot, the incident 

affords a striking proof of his geological knowledge.” 

I Possibly the estuarine Portlandiim (succeeding the marine Portlandian), or the 
“precursor of the Purbecks,” Hudleston, Proc. Geol. Assoc, loc. cit. See also Prof. 
Judd’s remarks on the passage from the Portland into the Purbeck, Quart. Joum. 
Geol. Soc. vol. xxviii. 1871, p. 223, and Mr. God win- Austen’s Seetion at Swindon, 
Quart. Joum. Geol. Soc. vol. vi. 1850, pp. 464-407, also Prof. Blake’s, ibid. vol. xxxvi. 

The geology of the Vale of Wardour has been treated of by Dr. W. Fitton in his 
memoir “ On the Strata below the Chalk,” &c. Trans. Geol. Soc. ser. 2, vol. iv. 1836, 
and the Purbeck bods of the district are especially mentioned, thus : — Dallard’s Farm, 
pp. 250, 260; Dashlet, pp. 250, 260; Ohicksgrove, pp. 251, 260; Wockley, m 252; 
Teffont, pp. 259, 260; Lady Down, pp. 262, 272. See also the Rev. P. B. Brodie’s 
papers, Proc. Geol. Soc. vol. iii. 1839, 1842, pp. 134, 780; Quart. Joum. Geol. Soc. 
vol. X. 1854, pp. 476, 482 ; and especially the Rev. W. R. Andrews’s memoir, Quart, 
Journ. Geol. Soc. vol. xxxvii. 1881, pp. ^8-253, and Mr. W. H. Hudleston’s in Proc, 
Geol. Assoc, vol. vii. 1881, pp. 161, 
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list of SpecimoRs &c. (co7tttnued). 

Nos. of the epeci- 
mena in T. B. J.’s 

C^oUeotion. Locality. Collector or Mupeuni. Species. 

** Chioksgrore or Wockley. Bottom of the Cap.” W ith f pnrneckenm. 
Fish-remains. Geol. Soc. \ e . 


§ 2. Swindon. 

864. Swindon. Golleoted by the Rev. Prof. J. F. Blake 

nL Brcxinohakshire. 

§ 1. Whitchurch^ &c. 

863. 


f /ransiens. 

\ reCmtgata, 


284. 


236. 


South OTing, Bucks. 

J. F. Bl^e (Quart. Joum. Geol. Soc. xxxri. p. 216). 

** Quainton. Western pit. Pendle.” t Fitton, May 
18, 1834, Tol. 16, p. 122” (notebook?). See Fitton’s 
memoir, p. 290. 

Quainton. Pendle, with “ Mj/filus, Cycla» pnrt^a, and 
Cypris” Fitton. J 

( purbcckenm. 

May. 1834, toI. 15.” < hononiensis. 


j^rheckensU. 

Mn&nienm, 

ansata. 


hononiensis. 

amata, 

ansafa. 


j “Whitchurch.’ 


226. 

227. 


Pendle.” Fitton. 

“ Whitchurch.” “ 224 ” Kitten's memoir, p. 289. 


Whitchurch? “1527-1063.” Fitton. 

** Whitchurch. 1.520, Fitton.” Shell-grit 
Cyprids willed C. faha. 

“Whitchurch. Fitton. 1,522.* 


I ansata, 
ansata. 
purlteckenak. 
hmonii'nsiK 
pitrberke7mh, 
ariMfa. 

{ purUckemis. 
bimonmisU. 
amata. 

f pvrhf’rkemL^. 
1 ansafa. 


-grit with 
Geol. Soo.V 


Geol. Soc. 


Pendle. Whitchurch. Fitton.” 

“Pendle. Whitchurch." With vertebra? of fish, an ^ 

oblonir bivahe, and an iniprc<‘^ioii of a Iwif (?). S-umafa. 

Geol. Soc. i 

Stewkley. M. ih (i. .\n|. Catal Fos**. 186.5, p. 263. j 

See also Fitton’s memoir, p. 291 . I * ' 3 ' 

’ * I a7it>ata. 


In an interesting section of Purbeck and Portland strata t the 
farm called the Warren, l .J mile south of Stewkley Cliurch, which 
I had the pleasure of examining with Prof. A. H. (Treen in 18(52, I 
noticed a (\\pridiferous shale above the true Poitland beds, and 
below a bed with Tritjouut, Unfortunately T have mislaid the 
specimens then collected. 

§ 2. Hartwell.^ near AiflesJnirp |'. The Pit near thr Binjh Inn, 

172, 176, 178, 179, ]84, 1^9, 191 Soft limestones, marls, and clay, ptirheckenm. 


179,189, 191a. Soft iime.ston(*. marls and clays hmionuitHis. 

179, 189, 191a. Soft limestones, marls, and clay.s anrnta. 

173. Dense grei*n clay rvyulata. 

180. Crumbly clay rcHntgafa, 


* See Quart. Journ. Geol Soc. vol. xixvi. pp. 203-207. Sec tilno C\ Moore's remarks 
on tbo section and fossils of Purbeck beds at Swindon, Proc. Geol. Assoc, vol. iv. 
1879, p. 543, Ac. *, and further on, p. 330. 

t The “ pendle,” a Purbeckian bed, found in both Bucks and Wilts, consists of a 
white, grey, or creamy limestone, somewhat argiDaccfms, generally fissile above and 
solid IkjIow, and contains at Whit<;hurch rounded whitish particles. It has been found 
to contain, at places, ** Cypridea” Modiolip, JUihafina^ (Jyvlas parva^ IHanorlm^^ exA 
Potamides carmaitts. | Sec also Fitton’s Memoir, p. 291. 

I The particulars of the sections of this and the following auarrios having been 
partly mislaid, their more perfect expoHitioii is delayed for some future opportunity. 
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Nos. of the speci- 
mens in T. B. J.’s 
Collection. 


list of Specimens &c. (continued). 


Collection. Locality. Collector or Museum. Spe 

§ 3. Hartwell, — Barnard^ 8 Pit (or “ pit at Barnettes Close ”) 


162,166.1 
162, 166, 


Shaly beds. 


ptirheckeiisis. 

ansata. 

( retirugata 
{ textilUst rl. ix 


§ 4. Hartwell, — Bishopstone Pit (on the road between Bishopstone 
and Stone). Fitton’s Memoir, pp. 287, 297 (“ Horton^s pits ” and 
‘‘ Dr. Lee's pit,” at p. 297). This is the same as pit no. 200 ” on 
the plan of the late Dr. Lee’s property at Hartwell. 

(Blue clay, with fish-scales (Pleuropholis). Fitton’s) 

238, 241, Memoir, p. 287. Marked “ 200 ” on Fitton's label, purbeckenm. 

245. See also Brodie’s section of this quarry (near Stone), hononienm, 

Proc. Geol. Soe. vol. hi. 1842, p. 781. 

§ 5. Hartwell (other pits). 

Near Aylesbury ; with Myfilus. M. P. Gt. 


Grey clay on the Peiidle. 


247, 255, 
260,261, 
3:)0?, & 

1. 165, ’ 

British 
Museum. ^ 

269. 


r bononknsis. 

\ ansata. 

' bono7hiensis. 

ansata, [f. 20). 
[ rugulaia (PI. ix. 


3.53, :3.")0, 
361, 35.5. 


The Pendle -j bononimsis. 

I ansata. 

" ntgulafa (PL ix. 

ansata, [f. 19). 

'rugulata (PI. ix. 
_ ^ f. 17&18). 

boiioniensis? 

ansata ? 

{ bononiensis. 

1 ansata. [f.21-23). 

“ Last Portland betl.” renrngata{V\.\x. 

I with an Ecbino- 
derm spine. 

I purbeckensia. 


I purbecfcenst 

Vf;"’ f Soft limestones and clay (361) ■! bononiensis, 

J [ ansata, 

360. Soft friable limestone. \ J bononiensis, 

354. Grey clay I 1 ansata. 


bononiensis, 

ansata. 


357. Friable shale. “ Trigonia ; next to Portland.” bononiensisy rttgulata* 

In the Lower-Purbeck series the characteristic Ostracods are : — 


Cypris pwrhecicensis., 

Gandona hononiensw, 

Candona ansata, 

as will be seen b}’^ reference to the foregoing local lists for Wilts, 
Dorset, and Buckinghamshire. At Smndon, however, Prof. J. F. 
Blake found a “Purbeck” stratum which has yielded two new 

♦ * London University Magazine,’ June 1866, p. 103. 
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BpeoieB of Cythere^ C. transiens and C, retintgata. Of those, the 
latter occurs in the lowest Purbeck beds in two of the stone-pits at 
Hartwell, near Aylesbur}^ namely the “ Bugle pit and Barnard’s 
pit.’^ A Tariety, or the male form (;i*ugulata\ of C. reihnigata, 
occurs both in the last-mentioned quarry and in similar low Purbeck 
(if not really estuarine Portland) beds in other pits near by. 

The mingling of what seem to be freshwater with marine species 
in these lowest strata is a subject of much interest, and will require 
further attention and close study of the succession of strata. <7. 
transiens has been found also in white, soft, Portland Stone, from 
Brill in Bucks. 


IV. Purheck Beds near Mounijield and Poundsford^ Siissear, 

The overlying Cypridiferous shales near Mountfield contain 
Cypridea valdensis, Darninula leguminella^ and Cypridia Ansteni (?), 
and belong to the Wealden series ; but the limestones that have 
been brought up from the old pits at Limekiln Wood, near hy, 
contain Purbeck species, thus : — 


ea Light-coloumi limestone { Forbes ) 

25, 28t», •*j 12, 540. Solid bluish limestone, cunipoHcd of 

Oypridiv, and showing them as casts and moulds on the 

weathered surfaces punctata ? 

»5()7. Blue shale, witl) a thin layer of the small botclloid oulito 

which is seen in Purbeck specimens from Teflbnt, Ac In the eliale, 

Jjfodrri? 

Oypter-b<'d. Ostracmls, chiefly casts, weathered out free... Cyfhett t &jc. 


In ironstone at Poundsford we find Cypridca raldensis (?), Par- 
winula legianinella, and insect-remains. 


Purherlc beds from the Suh-We<dden Boring at Nether field, 

390,411,412- Dark grey impure limestones, at 85 feet and \ punctata, 

feet depth j with Chara. 

V. The late Mr, Charles Mooi'e^s Specimens from the Parbcch 
Beds at Swindon, Wilts, 

In the ‘ Proceed. Gcol. Assoc.’ vol. iv. 1870, pp. 544-540, there 
b an account of the late Mr. Charles Moore’s discovery of many 
fossils in the Purbeck beds in th(‘ Great Quarry at Swindon ; and 
among the fossils mention is made of four or five species of Cypris. 

The Kev. H. H. Winwood, F.G.S., has been so good as to look 
for these fossils in the Bath Museum; and from among C. Moore’s 
Upper-Oolite collection he has sent me six little glass tubes con- 
taining Ostracodal valves. O i examination, those prove to bo similar 
to other Purbeck species. Thus ; — 

Tube 59. Cyprulea punctata, ordinary; and 0. IJuakeri, with 
very strong beak and notch. C, Dunheri is much more 
numerous than the other. About 90 altogether. 

Tube 60. Cyihere retirugata and its var. rugulata ; ordinary ; about 
60. 
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Tube 61. Oythere retirugata and its var. rugulata, ordinary ; and 
one Cypris purhecJcensis : 20 specimens altogether. In both 
60 and 61 rugulata is more common than the other. 

Tube 62. Cypridea punctata; very large. Numerous; about 80. 
Tube 62*. Candona hononiensis and G. ansata (both ordinary), 15 ; 

and Cypridea punctata (ordinary), only one. 

Tube 65. Cypridea punctata^ ordinary ; and (7. Dunkeri^ like that 
of tube 59, more numerous than G, punctata ; about 250 of 
the two together. 

Certain strata at Swindon containing Gyprides ” are described, 
loc, dt, as freshwater marls and limestones, 1 0 feet thick, with depres- 
sions (“ pipe-Hke veins ^’) in them, containing material derived from 
the Lower Greensand. Further, they are referred to as chalky 
limestones, in which arc one or two darkish bands of earthy, car- 
bonaceous marls and loose grits, containing mixed marine and fresh- 
water forms. C. Moore also remarked that the chalky limestones 
or marls contain few remains of recognizable character but, to- 
gether with several smaller derived fossils, he got four or five species 
of Cypris “ from the black bands,” or earthy carbonaceous marls 
and loose grits ” (the black carbonaceous friable loam,” Hudleston, 
op. cit, p. 548). The specimens in the tubes above referred to are 
(from both internal and collateral evidenco) believed to be Mr. C. 
Moore’s Swindon specimens. 

These deposits f were referred to tho Middle Purbeck, with some' 
doubt, by Mr. C. Moore ; and he suggested that Purbeck beds of 
older date may have been cut inio, disturbed, and mixed up with 
them. Prof. Morris gave his opinion (p. 547) that those beds 
“ might be the equivalents of the entire thickness ” of the Purbeck 
series (300 feet at Durlston Bay). 

Either of these suggestions will account for the occurrence of the 
Lower-Purbeck species : — retirugata^ rugulata^ hononiensis^ ansata^ 
and purbeclcensis in company with Dunkeri and punctata. Had 
fasciculata turned up also, we should have had a fairly representative 
and complete group. 


^ § V. CoircLusioN. 

In conclusion there are fourteen species of Ostracoda in E. Forbes’s 
three divisions of the Purbeck series of deposits. Five of them 
occur only in tho Lower Purbeck. Of the others, six occur in both 
the Middle and tho Upper. Of the fourteen, five go up into the 
Wealden, from the Middle and Upper divisions only. See the fol- 
lowing Table (p. 332). Cypridea punctata for the Upper, C. granulosa 
(fasciculata) for the Middle, and Cypris purhecTcensis for the Lower 
Purbeck, are especially characteristic. 

t At p. 548, op. cit., Mr. Hudleston notes that this “ black carbonaceous 
friable loam ” becomes further on a bed of Centhium portlandicum in “ dark 
friable marly grit,” and “that above this bed the regular Portland Limestone 
comes on again,” “ Purbeck ” and “ Portland ” conditions inosculating at this 
spot. Prof. Blake's interpretation of the section is different. 



§* VI. Tabitlar Conspecttts of the Purbeck Ostracooa. 


skott & 1. jcnraB <ur xeb omucosi. 
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§Vn. Appendix. 

1. The Ostrcusoda of ihe Wealden Formatwn. 

Bobsbt. 

Upper Weald. Swanage Bay f Cppridea valdenm 1 separate in some beds, 
(Punfield Cove) \ (^there Fittoni j together in others. 

[ Cyptidea spmigerat only in one bed and alone. 


Isle op Wight. 
Upper Weald. 

Upper Weald. 


w.rfo-pto,,.. 

valdenm. 

Cythere Fittoni. 


(Upper?) Weald. 
(Upper ?) Weald. 


Upper Weald. 


Compton Bay ..^A Cythere Fittoni. 

Cypridea spinigera. 
valdensis. 

(Upper?) Weald. West of Brook Point ■ Cythere Fittoni. 

Cypridea Dunkeri. 
valdenm. 

Brixlon Bay • Cythere Fittoni. 

Cypridea Jtwnkeri. 

Shepherd’s Chine valdensis. 

Cowleaze Chine valdensis 

( valdenm. 

I Cythere Fittoni. 

Athcrfield *{ Cypridea spinigera. 

1 Dnnkeri. 


(Upper?) Weald. Brixlon Bay 


Shepherd’s Chine . 
Cowleaze Chine . 


Upper Weald. Sandown Bay . 


Sussex. 

Weald Clay. 


Shale in 

Tunbrid ge - W ells 
Sand. 


Pulborough (railway) 

Pallingham, W. Sussex.... 
Pet worth (Sussex marble).. 

Northland shale - pit, : 


[ Farwimda legumineUa. 
( Cypridea valdensis. 

spinigera. 

•( Funkcri. 

I Cythere Fittoni. 
Darwmula leguminsUa, 


{ Cypridea valdensis. 
Cythere Fittoni. 


Lindfield, N.E. of Cuckfield., 


weam i^iay. r'uioorougii ^railway; ^ Fittom. 

Weald Clay ? Pallingham, W. Sussex Fittoni. 

Weald Clay. Petworth (Sussex marble) Cypridea valdensis. 

Tunbridge- Northland shale - pit, near 

Wells Sand. Chripp’s farm and Cuckfield... acaleaia 

Tunbridge- Between Ansty Gate and Slough valdmisis. 

Wells .sand or * Green, N.W. of Cuckfield ; tuberculata. 

clay in it. from u well Barwimda leguminella. 

0rin8tead Clay. I vaUmm. 

Shale in f valdensis. 

?unbridge-Well8 Lindfield, N.E. of Cuckfield | CytJmelb\ttoni. 

Cyprione Bristovii. 

Grinstoad Clay, patch of, let down and preserved f Cypridea valdensis. 

, by a fault, in the Railway-cutting near Brook “j tuberculata. 

Farm, south of East Grinstead I hispinosa. 

Tunbridge- 1 Balcombo Quarry ; with Turna- j valdensis. 

Wells Sand. J tella Popei 1 tuberculata. 

Mlffid. — 

oi.y, { LSS} 

-.1 ..-r^ ,.11 [ Cyprione Bristomi. 

Wadhurst Clay. 2i miles W. of BexhiU | (Jypridea tubermtata. 

I valdensis, 

Wadhurst Clay ? Bopeep, St. Leonard’s ^ Bunkeri. 

I tuberculata. 


• spinigera. 
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Wadhurst Clay. 

Waclhurst Clay ? 
Wadliurst Clay ? 

Wadhurst Clay? * 
Wadhurst Olay? 

I 

I 

I 

Wadhurst Olay, h 

Wadhurst Olay. 
Ashdown Sand. ' 

Ashdown Sands ? 
Kpnt. 

Weald Clay. 

Weald Clay. 
Weald Clay. 

Weald Clay. 
Weald Clay. 

Weald Clay. 

Tunbridge- 
Wells Sand ? 
Tunbridge- 
WellsSand? 

(Upper?) Tun- 
bridge- Wells 
Sand. 

Surrey. 

Weald Clay. 

Weald Clay. 

Weald Clay. 

Weald Clay. 
Weald Olay. 


St. Leonard’s, Hastings 

Crowhurst Boad, Hastings 

Hollington, near Hastings 

Silver-Hill Eoad, Hastings 
(Equisetum shales) 

Tivoli, Hastings 

Quarry near the Black Horse 
Inn, Telham Hill, near Has- 
tings 


f Cypridea wMmm. 

J Dunkeri. 

I tvberculata, 

I vaJdenm. 

\ Dunken ? 

... valdenm. 

vddensis. 

Cyfhere FittonL 
Barwinula legumirMa, 
...Cypridea vcdacnsis. 

( valdenais, 

Cythere FittonL 
Cypridea tuhcrculata ? 
Dunkeri, 


Ecclesbourne Glen, Hastings ... 

East Cliff, Hastings (W. R. & H. 
Binfiold) 

Mountfield (shales) 


Cyprione BristoviL 
Cyfhere FittonL 
Cypridea tvberculata, 

valdensis, 

valdenm, 

Darwinula leguminella, 
Cypridea Avstenil 


Sevenoaks Tunnel 


( Cypridea valdensis. 

— spinigera ? 

gyripunctata^ MS. 

Cyth^e FittonL 
^ Darwinula leguminella. 

i Near Maidstone ; railroad at Groat f Cypridea vaf^nsis. 

{ Buckland ; and W’'ateringbury [ Cythere FittonL 
r Great Chart, South-Eastern f Cypridea valdensis. 

[ Railway \ Cythere Fittoni. 

“Adlington” (probably Aldington) { 

Bethersden Cypridea valdenm. 

( valdensis. 

Hythe I Cythere FittonL 

\ Darwinula leguminella. 

I Tunbridge Cyprione BristoviL 


f valdensis. 

I Cythere FittonL 

► Langton Green -j Cypridea tvberculata. 

hi^imsa ? 

\ Darwinula leguminella. 


Peasemarsh, near Guildford Cypridea Austeni. 

IMm.«(nil™d) . 

Dorking Tunnel valdensis. 

Earlswood Common spinigera. 
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2. Synoptical List of the Ostraeoda of the Purheclc and Wealden 
Formations in England, showing their Stages and Recurrmce, 
(Successively numbered, 1-20, upwards from those of the Lower 
Purheclc .) ' 

Weald^in Species (11 species, 5 of which come up from the 
Purbock, Upper and Middle). 

14. Gyprideavaldensis (Y\iton\ Yery rare in Mid-Purbeck, but 

very abundant here. 

13. BunJceri, nov. 1 Eecurrent from the Purbeck 

10. tuherculata (Sowerby). J beds. 

20. spimgera (Sow.) . 

19. hi.^ 2 ^inosa, Jones. 

18. dorsispinata, nov. MS. 

17. gyrijmnctata, nov. MS. 

16. acideata, nov. (part of verrucosa, Jones). 

15. CytJiere Fittoui (Mantcll). Common. 

8. Cyprione Bristovii, nov. ) Recurrent from the Pur- 

7. Darivlnnla leguminclla (Forbes), j beck beds. 

Upper-Ptjrbeck Species (0 species, all of which recur from the 
Middle Purbeck : 4 go on to the Wealden). 

12. Gypridea punctata (Forbes). Very abundant. 

12**. , var. gihhosa (Forbes). 

12*. , var. posticalis, nov. 

13. Duniceri, nov. 

11. ventrosa, nov. 

10*. tuherculata (Sow.), var. adjuncta, nov. 

8. Gyprione Bristovii, nov. 

7. Darwinula leguminella (Forbes). 

Middle- Purbeck Species (9 species, 2 of which are peculiar to this 
Division; but G recur in the Upper Purbeck, and 5 in the 
Wealden). 

14. Gypridea valdensis (Fitton). Very rare in the Purbeck, but 

common in the Wealden beds. 

13. Duniceri, nov. 

V ( More abundant in the 

12. pttnetota (Forbes) | Purbeck. 

12*. , var. posticalis, nov. 

12**. , var. gihhosa (Forbes). 

11: ventrosa, nov. 

11* ^ var. glohosa, nov. 

10. — — tuherculata (Sow.). 

9, granulosa (^ow,), \ at. fasciculata) Yery abundant, and 

(Forbes). * I peculiar to the Mid- 

9*. , var. paucigranulata, nov. J Purbeck. 

8. Gyprione Bristovii, nov. 

7. Darwinula leguminella (Forbes). 
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6. Metaejipris Forhesii, noy. ) Bare, and peetdiar to the 

6* , var. vennicosay nov, J Mid-Purbeck. 

LowsBrPxTBBSGK Spbcies (5 specios, all peculiar to this Division). 

5. CyprxB purbechensis, Forbes. Most abundant. 

4. Candona hononiensis^ Jones. 1 Often common with 0. pur- 

3. amata^ nov. j hechensis. 

2. Cyihere transiena, nov. 

1. retirugata^ nov. 

1*. , var. rugulata^ nov. 

I**. — , var. textilis, nov. 

§ VIII. Description of the Species. 

I. Genus Cypridea, Bosquet, 1852. 

Cgpris, Auctonun. 

Cypndea^ Bosquet, 1852, Mem. couron. Acad. Hoy. Belg. vol. 
Nxiv. P. 47 of the Memoir, Descrij^tion Entom. foss. Terrains tort. 
France et Belg.’’ 

Cifpndea (subgeiius of Citpris), Jones in Morris’s Catal. Brit. 
Foss. 1854, p. 104. 

Cypridea (? subgenus of Cypris\ Jones, Monogr. Brit. Tcrt. 
Entom. 1850, pp, 9, 10. 

Cifpridea, Jones, Monogr. Foss. Esth. 1802, p. 106, & Appendix, 
p. 127. 

Cypridea^ Huxley & Etheridge, Catal. Coll. Fossils Mus. Tract. 
Geol. 1865, p. 254. 

Cypridea^ H. Woodward, Catal. Brit. Foss. Crustac. 1877, p. 88. 

Cypridea^ Jones, Geol. Mag. dec. 2, vol. v. 1878, pp. 107 Ac 

Carapace-valves subtri angular, obovate, or ovate-oblong ; convex 
in the middle ; broad (high) at the anterior third ; narrower 
behind ; one or both ends obliquely rounded ; somewhat compressed 
anteriorly ; notched at the antero-vcntral angle*, behind a small 
beak-liko process ; sometimes having only a sliglit indentation below 
and behind a thickening of the antero- ventral angle ; sometimes 
this is traceable only by a curvature of the edge inside. Edge-view 
more or less narrow-ovate. End-view suliovato. Surface punctate ; 
sometimes almost smooth ; often tu]}erculato ; tu])ercle8 small or 
large, variously disposed. The hinge-margin is definitely straight 
along the middle third or more of the dorsal edge, with the hinge- 
angles more or less defined, and is oblique to the main axis of the 
valve. The left valve is the largest, and receives the dorsal edge 
and a straight ridge of the other valve in grooves on its dorsal and 
ventral contact-margins, the outer edge of the ventral margin of 
the left valve overlapping that of the right valve. The ridges and 
furrows or ledges of contact vary in intensity in dificrent individuals. 

1. Cypeidea valdbnsis (Fitton). [Not figured here.] 

Cypris faha^ Sow. (not Desmarest), Annals of Philos, vol. viii. 
1824, p. 376; Min. Conch. 1824, tab. 485, pp. 136-8. 


► Marine forms ; rare. 

* 
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Cjfpris valdensis, Fitton, Trans. Geol. Soc. 2 ser. voL iv. 1836, 
p. 177 (not pi. 21. fig. 1). 

Cj/pris valdensis^ lUimer, Verst, norddeutsch. Oolithengebirg. 1839, 
p. 52, pi. 20. fig. 20 (G. punctata, Forbes). 

Cypris valdensis, Danker, Monogr. nordd. WealdenbUd. 1846, 
p. 59, pi. 13. fig. 29 (copied from Sowerby’s figure?). 

Cypridea valdensis, Jones in Morrises Catal. Brit. Foss. 2nd edit. 
1854, p. 104. 

Cypridea valdensis, Huxley & Etheridge, Catal. Foss. Mus. Pract. 
Geol. 1865, p. 254, 270. 

Cypridea valdensis, H. Woodward, Catal. Brit. Foss. Crust. 1877, 
p. 89. 

Cypridea valdensis, Jones, Geol. Mag. 1878, p. 109, pi. 3. fig. 11 
(not fig. 13-15). 

Largest specimen 1| mm. long (Wealden). Largest Purbeck 
specimen 1^ mm. 

J. De C. Howerby’s original figure and description in the ‘ Mineral 
Conchology ’ give very satisfactorily the shape and main characters 
of this species, although it often attains somewhat more bulky 
proportions. As noticed by Sowerby and Fitton, it is very plentifiil 
in many of the true Wealden strata. They thought that they 
found it also in several of the Purbcck beds ; but in this they 
were certainly mistaken, for Fitton’s labels (in the Geol. Soc. 
Museum) show that he mistook G, pnrheckensis and (7. punctata for 
it. In one of the Purbeck beds, however, there arc some few speci- 
mens, large, smooth, and elegantly shaped, quite different from the 
thicker and coarser C. punctata, which has often been mistaken for 
it. The stratum referred to is the Chert Bod of the Middle Purbeck, 
Kidgway, in which occur — 

Cypridea valdensis, Metacypris Forbesii, 

punctata (rare). Chara, seed-vessel. 

Darwinula leguminella. Fishbone, &c. 

There are also some doubtful instances of its occurrence in the 
deep Purbecks of ^lid-8ussex. 

2. Cypridea ruNCT\TA (E. Forbes). 

[Only tlio insides of valves arc figured in PI. VIII. figs. 4 & 5 ; 
the outsides resemble figs. 1-3, 6, 8 in shape, without their varietal 
and distinctive feat iires. ] 

Cypr is punctata, Forbes, MS. July 23, 1854. 

Cyprls punctata, Forbes in Lyoll’s Manual of Elementary 
Geology, 5th edit. 1855, p. 297, fig. 339 id. Elements of 
Geology, Otli edit. ]8()5, p. 387, fig. 375 ?>. 

Cypridea valdensis, Jones, Monogr. Fossil Esth. 1862, p. 127, 
pi. 5. figs. 26-30. 

Cypridea punctata, Huxley & Etheridge, Catal. Coll. Foss. Mus. 
P. Geol. 1865, p. 254. 

Cypridea punctata, H. Woodward, Catnl. Brit. Foss. Crust. 1877, 
p. 89. 
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Cyprida valdensis^ Jones, Gool. Mag. 1878, y, 110, pi. 3. 
figs. 13-15. 

Length | mm., and 1 mm. 

Valves subtriangiilarly obovato, nearly obovate, or* subpyriforni, 
varjing in the protuberance of the anterior hinge-jcmit. lioth the 
front and the hind margin are obliquely roundotl ; biit the latter is 
more contracted than the former. Convex medially ; edge- view 
narrow-oval. Surface punctate; punclations subcircular, eiisily 
seen with a lens (sec also E. Forbes's lt‘tter to iMr. liristow, abov<% 
p. 314). The outer edge of the ventral margin of (lie left valve 
overlaps that of the right valve. 

Notch and beak distinct, and often strong, but var} ing in inten- 
sity. 

This species is broader (higher) and coarser than the typical 
Oypridea valdeiisis (Fitton), figured by J. I)c C. Sowerby'in the 
‘Mineral ConchologjV pi. 485 (December 1 82 !♦), described there 
at pp. 136-138, and referred, with doubt, to Cyjtris f aha, Desmarest. 
The small (young) forms accompanying adult specimens of C. punc^ 
tata (no. 159) very- much resemble (7. vahlensis. 

It is quite probable that some of the coarser valves referred to 
vaddensis by authors are really t\ punctata, such as figs. 13, 14, 15, 
pi. iii. Geol. Mag. dec. 2. vol. v. from the Subwcalden Boring in 
Sussex. 

2*. CrpRiDEA PUNCTATA (Forbcs). Var, posticalis, nov. (PI. VIII. 
figs. 1-3, 6, 8.) 

Length generally 1mm. Fig. 8 represents a specimen | mm. 
long. 

Although L\ punctata often has a neat acute-oval edge- view, yet 
ver)^ many individuals have the posterior extremity of each valve 
thickened with a more or less i)ronounccd marginal lump, thick and 
round, low and broad, or narrow and faint, giving a blunt end to 
the edge-view (fig. 3). The close-sot subangular or subcircular 
punctations are usually strongly marked. 

2**, CrPKEDEA PUNCTATA (Forbes). Vur. oiUBosA (Forbes). (PI. Vlll. 
fig. 7.) 

Cypris yihbom, Forbes, MS. July 18, 1851. 

Cypris (jihbosa, Forbes in Lyell’s Manual Elem. Geol. 5th edit. 
1855, p. 294, fig. 334 a; id. Elem. Geol. Gth edit. 1865, p. 378, 
fig. 368 a. 

Oypridea yibbosa, H. Woodward, Catal. Brit. Foss. Crust. 1877, 

p. 88. 

Length g mm. 

Here the middle of the valve is locally swollen ; this is a variable 
feature, not strong in fig. 7. Sec Forbes’s letter, above, p. 314. 
The specimen bore figured is nearly obovate in outline, and has a 
slightly thickened posterior edge (as in the foregoing vt 

* See ** Bates de la publication des Eapeces,” &c., par M. E. Benevior, 

‘ Bullet. Soc. Vaudoise Scienc. Nat.* 2 1856. 
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In sj)ocimen Xb| Mus. Pract. Geol., the central swelling is well 
marked, without any posterior thickening of the valve. 

S. C\ PRiDEA Dunkeri, sp. nov. (PI. VIII. figs. 9, 10, and 17.) 

Cifpridea granulosa, Komor (non Bowerby), Verst, nordd. OoL- 
Gcb‘. 1839, p. 52, pi. 20. fig. 24. 

Ctfpris granulosa, Dunker (non Sowerby), Monogr. nordd. 
Wealdenbild. 184(i, p. GO, pi. 13. figs. 31 a, b. 

Cgpris granulosa, Forbes (non Bowerby), MS. July 18, 1851. 

(Jypris grauolata, Forbes, MS. July 23, 1854. 

Cgpris granulata, Forbes, in Lyell’s Elem. Man. Geol. 5th edit. 
1855, p. 295, fig. 337 c; Elem. Geol. Gth edit. 1865, p. 378, 
fig. 371 c. 

Cifpridea qranalosa, H. Woodward (non Sow.), Cat. Brit, Foss, 
Crust. 1877, p. 88. 

Length | mm. 

This has the obovate form and general features of G. punctata, 
but it possesses granules or small tubercles scattered irregularly 
over the surface. This is shown in Forbes’s letter of July 18, 1851, 
but too roughly. In our figured specimens the tubercles vary in 
size, being feeble in the neat, small, nearly symmetrical figs. 9, 10, 
and strong in the larger and coarser fig. 17. In one individual 
(fig. 10) the punctation consists of small and rather oblong pits on 
the anterior third of the valve, with an obscurely radiate arrange- 
ment. Taking both Purbcck and Wealden specimens of this species 
in view together, we find much variation in convexjty and in 
tubercles ; occasionally some of these are sharp (near Brook Point). 

This subovate, or rather obovate, form has been confused with 
the suboblong Gypridea granulosa (Sow.). The latter is distin- 
guished by its larger size, more oblong shape, and the tendency of 
its granules to leave the middle of the valve bare. This is plentiful 
in the Middle Purbeck, whilst the obovate form, with granules 
distributed over the whole surface, is rare in the Purbecks * ; and 
this agrees with E. Forbes’s note to Mr, Bristow (see above, p. 314). 

In consequence of the confusion of names, I now dedicate this 
species to the mf‘mory of my late friend Br. W. Bunker, of Marburg, 
by whom it was figured and described much more clearly and 
perfectly than by his predecessor F. A. Eomer. 

Gypridea JDunk eri is rare in the Upper and Middle Pqrbcck, but 
of rather more frequent occurrence (though rarely common) in the 
Wealden beds. It is met with in the tipper Purbeck at Mewps 
Bay (specimen Xb^, M.P.G.), and at Burlston Bay, specimen 
no. 40. In the Middle Purbcck it occurs at Kidgway (Xb-|, 
M.P.G.) ; also in a specimen, given to me by tho Bev, 0. Fisher, and 
probably from Mewps Bay, there associated with Cyiheridea punc- 
tata, var. posticahs, Metacypris Forhesii, and Darwmula legumhulla. 

The synonyms indicate that it also belongs to the black Cypri- 
diferous shales of Xorth Germany (see also above, p. 319), 

* Except at Swindon, see p. 330. 
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4, Cypbibea vbntbosa, sp. nov. (PL VIII. tigs. 25, 26.) And vax. 

eiOBOSA. 

Length 1 mm. 

Valves thicsk and broad (high) ; obovate. with one edge (ventral), 
notched and less convex than the other ; broadest (highost) at the 
anterior third ; back elliptically rounded, with some protuberance 
at the anterior hinge, and a steep antero-dorsal slope. The ventral 
T^on has its bolder slightly curved, oblique, fuller in £ront, and 
broadly notched; and it is turned in suddenly so much as to 
form a broad flat base, on which tho carapace can stand upright. 
The surface bears some irregularly placed coarse tubercles and 
ridges, the latter being on the ventral region, and having a direction 
in general parallel or conformable with the ventral and anterior 
borders. The beak comprises the anterior curved ridge much more 
definitely than shown in fig. 26. Edge-view subovato. 

C. ventrosa has a near ally in C. verrucosa, var. crassa, Jones 
(Geol. Mag. 1878, p. 108, pi. 3. fig. 4), which should (I think) now 
be regarded as a distinct species ( C, vt rrucosa ; sec page 320). 

In specimen 44 the tjpical C. ventrosa is accompanied by a 
variet}^ {globosa) which is quite smooth, and in some cases almost 
loses its ventral lateral projection, though retaining a strong 
gibbosity. The flat ventral base in V, vt atrosa reminds mo of a 
somewhat similar, but more regularly constructed feature in Soto- 
drcmxas, Lilljeborg {Cijprois, Zenker, and Ntwnhamia, King). 

G, ventrosa is found in the Middle Purbeck, together with its var, 
globosa ; and it occurs also in the Upper Purbeck : at Durlston 
Bay in both cases. 

5 & 5*. (’ypridea granulosa (Sow.) ; and var. fascicflata (Forbes) ; 

and var. paucigrvnul^tv, nov. (PI. VIII. figs. 18-21.) 

Cypris yranvlosa. Sow. 183(J, Trans. Geol. Soc. ser. 2, vol. iv. 
pp. 177 (?), 200, 345, ])1. 21. fig. 4, 

Cypris granulosus, Mantcll, Wonders of Goolog}% 1838, vol. i. 
p. 344, tab. 40. fig. 0 (fig. 7 is a bad cop} of a part of Fitton’s 
fig. 1, and fig. 9 of part of Fitton's fig. 4). Cypris granulosa, 
Mantell, Wonders, 3rd edit. p. 77, fig. 9, and 0th edit. 1(S48, 
vol. i. p. 405, lign. 98, fig. 3 (as fig. 9 above). 

Cypjris granulosa, Mantell. Wonders, 7th edit. (T. H. Jones), 
1857, vol. i. p. 419, lign. 104, fig. 2. 

Cypris granulosa, Mantell, Medals of Creation, 1844, vol. ii. 
p, 545, lign. 119, fig. 4 ; and 2nd edit. 1854, vol. ii. (T. K. Jones), 
p. 527, lign. 174, fig. 4, 

Cypris fasciculata, Forbes, MS. July 1 8, 1 851 , & MS. July 23, 1854. 

Cypris fasciculata, Forbes, in LycUs Manual El(‘m. Geol. 5th 
edit. 1855, p. 295, figs. 337 h ; Elements of Geology, 0th edit. 
1865, p. 378, figs. 37U. 

Cypridea granulosa, Morris, 1854, Catal. Brit. Foss. p. 104 
(omitting Bunker’s synonym and the reference to Wealdm), 
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C I fpridea granulosa and C. fasclculata^ H. Woodward, Catal. Foss. 
Crust. 1877, p. 88. 

Cypridea verrucosa (var.), Jones, Geol. Mag, dec. 2, vol. v, 1878, 
p. 108, pL 3. fig. 6. 

Length 1 mm. 

Suboblong or broadly obovate ; anterior end obliquely and boldly 
rounded, posterior somewhat narrower and nearly semicircular; 
hinge-line slightly oblique, having the front hinge-joint at an 
obtuse angle. Beak and notch not always strongly developed. 
Contact-margins fianged and furrowed, nearly continuously, and 
subject to difierence of intensity in individuals. Edge-view of 
carapace narrow-ovate ; end-view oval. The surface punctate, and 
also granulated. The pitting consists of either subcircular pits, as 
on a thimble, or minute suboblong pits, almost forming a reticulate 
pattern. In no cases that I have seen are the granules distributed 
over all the surface, the median region always having fewer (as in 
Sowerby’s figure 4, pi. 21, in Fitton’s Memoir), and often none (see 
PI. YIII. fig. 18). The granules are always grouped in two sets or 
fascicules, one on the anterior and one on the posterior thii’d of 
each valve ; hence the appropriate name fascicidata ” given by 
E. Forbes to this dominant Mid-Purbeck species. The number of 
granules in these local groups is variable, as above intimated. 
Sowerby’s type-figure has many granules, some coming near to the 
middle of the valve ; other specimens collected by Fitton, and 
labelled with Sowerby’s name, have very few granules. There is 
no line to be drawn, so far as essential characters are concerned, 
between the multigranulate and paucigranulate modifications ; 
but it will bo convenient to recognize the varieties. In the Mid- 
Purbeck beds of Durlston Bay both abound, and at Teffont (No. 
38), the multigranulate forms predominate. At Pashlet (also in 
the Yale of Wardour), and at Whitchurch, in Bucks, the pauci- 
granulate variety occurs plentifully (figs. 8-20). In specimens 
(M.P.G.Xb^,) from the Mid-Purbeck of Durlston Bay the valves 
are mostly paucigranulate ; one, at least, has the hinder fascicule 
obsolescent. I’hey have a coarsely punctate or subreticulate surface. 
Some strong, squarish, convex individuals from Dashlet have very 
few tubercles, only five, or even four, in the fascicules ; and the 
punctation takes on a partially regular pattern, the pits on the 
anterior half of the valve being oblong and even elongate, curving 
round in front and radiating backwards for a little way from the 
anterior group of five granules. Even without regarding the modified 
punctation, these specimens may be looked on as a variety, pauci^ 
gramdata; whilst the ordinary multigranulate forms divide them- 
selves into the common variety fascicidata (Forbes), and the rarer 
and earliest named granulosa of Sowerby with the granulation 
covering almost the whole surface. The name fasciculata ha« been, 
and still continues to be, convenient for general use. 

(7. granulosa (Sow. in Fitton, pi. 21, fig. 4, of Fitton’s Memoir), 
is decidedly the fasciculata of E. Forbes, and its localities are there 
given (i>. 260) thus : — “ Between Dallard’s Farm and Catharine 
Q, J. G. S. No. 163. 2 b 
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Ford, with Cyclas in slaty Purbeck stone; also, with Cifdas mH 
Modiola^ in grey freshwater limestone. Dashlet, bi t ween Pent- 
hurst and Teffont.” 

In two multigranulato specimens from TefFont (No, 83) the “ lucid 
spots” musde-spots ”) are visible, consisting of six suboblong 
marks, three in a short, slightly curved, transverse row, one lying 
behind and across them, and two others separate, at a little distance 
from the ends of the aforesaid row. 

This species is highly characteristic of the Middle-Purbeck beds, 
both by its abundance and by its being peculiar to that division of 
file series. 

Some forms of Ci/^mdea verrttcosa, Jones, 1878, wore separated 
from C. granulosa (Sow.) on account of the supposed absence of 
the beak and notch in the latter ; but one of these (fig. (5, pi. iii,, 
Gool. Mag. 1878) is evidently the same as the granulosa (multi- 
granulate) we have before us, and now know to have the notch. 

This essentially Mid-Purbeck species certainly occurs in the 
Cypridiferous shales of Obernkirchen, Cassel, North Germany (speci- 
mens in the Pntish Museum), although it is not described nor 
figured by Homer and Bunker. It is of much interest, support-* 
ing the late Dr. AV. Bunker’s opinion that the Hanoverian shales 
are of Purhech and not of Wealdt n age. 

6. (^yrKiDEA TTBERcrLATA (Sowerby); and var. adjfncia, nov. (PI, 
VIII. figs. 22, 23, 24.) 

Cgjfrh tuhrrculata^ J. Be C. Sow., in Fit ton’s "Memoir, Trans. 
Geol. Soc. ser. 2, vol. iv. iSlti, pp. 177, 207), 22^, 347>, 332, ])1. 21, 
fig. 2 (including another form, indicated in the description at ]). 313, 
and subsequent!} se*parated otf as Vgpris Fittoni b} Maiitell). 

CgprU tuh< reidala, L}ell, Klemeiits of Geology, 1838, p. 348, 
fig. i8() (after Sowerby); 2nd edit. 1841, vol. i. p. 417, fig. 202; 
Manual of Elementary Geology, 3rd edit. 1831, and 4 th edit. 
1862, liave the same woodcuts us the foregoing ; r)th edit. 187)5, 
p. 294, fig. 334/) (after E. Forbes); Gtli edit. 18()3, p. 37<8, fig. 
308 h. 

Cgpris fidn rculata, Homer, Verst, iiordd. Ool. 1839, p. 32, pi. 20. 
fig. 23. 

Cgpris UdjercuJata, Maiitcll, !Medals of Creation, 1st edit. 
1844, vol. ii. p. 345, lign. 1819, figs. 3, 3(/ ; 2nd edit. (Jones), 
1854, vol. ii. p. 327, lign. 174, figs. 3, 3fr (fig. 2 is (7. Fiitoni^ 
Man tell, in both cases). 

Cgpris tuhervulafa ?, Bunker Moiiogr. nordd. Weald. 184G, p. 60, 
pi. 13. fig. 30. 

Cgpris spinosa, Forbes, MS., July 18, 1851 ; C, iuherculaia?^ 
MS., July 23, 1854. 

Cypridea tuhercalata^ Morris, Catal. Hrit, Foss. 2nd edit. 1854, 
p. 104. 

Cypridea tuherculata^ H. Woodward, Catal. Brit. Foss. Crust. 
1877, p. 89. 

Length | millim. * 
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Tliis is one of the suboblong forms of the genus, slightly broader 
(hif;iier) in front than behind, and more boldly and obliquely curved 
anteriorly than posteriorly ; the dorsal and ventral margins nearly 
parallel; the notch often strong, but sometimes obscured by 
tubercles ; the contact-margins are much like those of (7. granulosa 
(fig. 21) ; the beak sometimes almost obsolete, but traceable. The 
surface is punctate, with coarse, subcircular, close-set pits, giving 
an appearance like that of a thimble-top ; it also bears numerous, 
large, scattered tubercles, somewhat variable in their strength and 
position; occasionally long, thick, and blunt, as noticed in E. 
Eorbes’s letter to Mr. Bristow, see above, p. 314, where he terms 
it “ C. spinosaJ^ Specimen Xb^, Mus. Pract. Geol., shows an in- 
dividual of this kind, with long thick tubercles ; it is strongly 
beaked, much more so than our fig. 22, PI. YIII. In fact this 
specimen is rather longer than the typical form, and is less strongly 
beaked ; and it ought to be regarded as a variety, adjuncta. 

Edge-view long-ovate : end-view short-ovate (figs. 23 and 24). 

The coarse tubercles remind us of a similar feature in Cytlieridea 
torosa (Jones); but in the latter they arc fewer and relatively 
larger, and the hingement of the valves is different. 

C, faheradata is not common. It comes from the Mid-Purbeck 
of Durlston Bay (Xui, M. P. G.) ; and from the Pipper Purbeck of 
Mewps Bay (spe('iinen no. 27, fig. 22, PI. VIII.), and of Bacon Hole 
(specimen in the British Museum, and Xb|^, M. P. (i.j. This last is 
like the Wealdeu specimens figured in Eitton's Memoir, which are 
strictly Wealden, hut do not occur nearly so frequently as Oy there 
Fifioni (M ant ell), which was figured with them in fig. 2, pi. 21, of 
Fitton’s 3femoir, and has been often mistaken for C, tuherculata. 

The Purl)eck form (xar, adjuncta) occurs also, I believe, in the 
Wealden beds, Ecclestoii Glen, Hastings. The Wealden species 1 
ho])e to treat in full at a future opportunity. 

Homer, lb31), evidently had O, tuhcrcidata, Sow., in the black 
Cypridiferous Shales of North Germany, and Dunker, in 1846, 
repeats the observation ; but bis figure is very doubtful. 

1 1. Genus Cypriote, gen. nov. 

Animal unknown. Carapace luvalved ; subcylindrical ; right 
valve rather larger than the other ; contact-margins ridged and 
furrowed almost continuously, but the fianges and corrosj)onding 
ledges run closer together in some specimens than in others. Hinge- 
line along the slightly convex back-edge not specially defined. 
Valves smooth, elongate-oblong, with rounded ends, in the only 
species yet recognized. 

The structure of the contact-margins of these valves is not 
essentially different from that in Vyj^ridea, except that the latter 
has its characteristic antero-ventral notch, Cypridea^ moreover, 
has much coarser and thicker valves, and always differs in shape. 

The outlines of the carapace under notice approach those of Dar- 
winula ; but in the latter the valves meet with simple edges and 
considerable overlap ; and, as no other genus among the Ostracoda 

2b 2 
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is characterized by this elougato and slightly tapering oblong shape, 
it seems advisable to toko this feature and the contact -margins os 
giving the leading characters for a separate genus Cyprione, 

7. Ctprione Bristotii, sp, nov. (PI. VIII. figs. and 32, im- 
mature.) 

Length, adult 1 millim. ; immature, | millim. 

Valves suboblong, elongate, with rounded ends, the anterior 
rather narrower than the other. The ventral somewhat straighter 
than the dorsal edge. The valves meet with slight ridges and fur- 
rows. The right valve overlaps the other nearly all round, although 
the figs. 28 and 29, being taken from odd valves, do not give this 
impression. 

This may be the larger form, of a peapod-shapc^ which E. Forbes 
referred to in his letter (to Mr. Bristow) of July 18, 1 851 (see p. 314). 
I name it after Mr. Bristow, F.11.8., F.G.S., Director of the GeoL 
Suit, of England, who worked so long and ardently on the Purbeck 
strata with his friend E. Forbes. 

Cyprwne BiistovU is met with in the Upper Purbeck (specimens 
— 10, 40 A, 40 AA, Durlston Bay; 27, Mew])s Hay, young form, 
fig. 32, PI. VIII.); and in the Mid-Purbeck (41 and 50, 57, 58, 
Durlston Bay). 

It occurs in the Wcalden Bcdh, at (he Black-Horse (iuarry, near 
Hastings, and also near Bexhill, and at Lindfield. 

In Germany it is found at Obernkiivhen and the Deister, as 
shown by specimens in the British Museum. The Cypris ohlonya'*^ 
of Rdmer and Diinkcr ni iy possibly have been iiitended for this and 
7). hyanuneJJo (see above, p. 319) ; but the figures and descriptions 
are obscure and contradictory. (Vrtainly tig. 31, j>l. 5, Mouogr. 
Foss. Esth., Ap])endix, ]». 128, may be a near ally of (\ Bristorii; 
but it best agrees with Bomer’s description of his C, ohhnya^ though 
not with his figure. The latter is too much arched on the hack for 
C, Brisforii^ and should be regarded us Cyj>rione'! ohlonyu (liomer), 

III. Genus Metacypris, G. S. Brady, 1870. 

Metacypris^ G. S. Brady, Nature, March 10, 1870, p. 484. 

Meiacyj)rL% G. 8. Brady and liobertson, Ann. & Mag. Nat. Hist, 
ser. 4, vol. vi. July 1870, pp. 19, 20 ; I huh vol. ix. 1872, p. 51 ; 
and Mouogr. Post-tertiarj' Entom., Pal. Soc. 1874, pp. 112 and 
116. 

Valves subrhomboidal or su])oblong, voiy^ convex ; rounded before 
and behind, but unequally an J somewhat obliquely ; rather narrower 
and compressed in front ; dorsal and ventral margins nearly parallel, 
but the latter turned inwards, or i)re8sed in along the hinder half of 
its length, so that the body of each valve swells out beyond it. 
Hinge-lino distinct, with thin flanges and narrow furrows ; but our 
fossils do not show the details so well as the recent specimens of 
M. cordata, Ann. & Mag. N . H. 1870, pi. 6. The right valve is larger 
than the left. The surface is pitted in lines. 



OF THE PURBECK FORMATION. 


345 


Only one recent species is known (see above); found in tidal 
rivers in the East of England. This genus was at first placed with 
th(‘ Cypridae with doubt, but afterwards referred more certainly to 
the Cytheridaet. 

8. Metaoypris Fokbbsii, and var. verrucosa, sp. et var. nov. (PL 
VIIL figs. 11-16.) 

Cypris striato-punctata^ Forbes (non Rdmer et Bunker), MS. 
July 18, 1851 ; MS. July 23, 1854 ; LyeU’s Manual Elem. Geol. 
5th edit. 1855, p. 205, fig. 337a ; Elem. 6th edit. 1865, p. 378, 
fig. 371a. 

Cypris striato-punctata^ Huxley and Etheridge, Catal. Coll. Foss. 
Mus. P. Geol. 1865, p. 254. 

Cypridea striato-punctata^ H. Woodward, Cat. Brit. Foss. Crust. 
1877, p. 89. 

Figs. 11-14 : length | millim. ; figs. 15 and 16, | millim. 

This is remarkably like M, cordata, G. S. Brady (Nature, h c.), 
above referred to, but it is less convex, and is longer in proportion 
to breadth (height); and it shows a strong tendency to become 
tubercled. The ornamental pitting may be described in Dr. Brady’s 
words : — “ Surface of the valves closely set with small rounded im- 
pressions, which are arranged in longitudinal rows, running on the 
ventral surface into interrupted furrows ; ventral surface deeply and 
broadly sulcatc along the greater part of the median line.” We 
may add that the lines of dots, in both cases (recent and fossil) 
curve round on the front third of the valve, and in the fossil speci- 
mens they have a slight local swelling or a tubercle for their centre. 
The linear ornament curves round also (but less distinctly) behind, 
parallel with the posterior border. Edge- view, subovate or bluntly 
pyriform. End-view short, broad, ovate. 

As E. Forbes seems to have referred this species (sufficiently well 
indicated in his letter to Mr. Bristow, see above, p. 314) erroneously 
to Homer’s species, and as the surface character in both the recent 
and this fossil species is striato-punctate, I do not hesitate to give it 
a new name, dedicating it to the memory of the much-lamented 
palaeontologist and geologist who worked out the three main divisions 
of the Purbeck series, as characterized by the fossils, among which 
especially were Ostracoda treated of in this paper. Prof. Dunker 
agreed with mo in regarding this species as quite distinct from 
Cypridea striato-punctata (Homer), which may, 1 think, be possibly 
a variety of, or near ally to, O, valdensis or 0. punctata, 

8*. M. Forbesii, var. verrucosa. (Figs. 12 and 14.) 

Here we have the tendency towards tuberculation carried to the 
full, that is, as far as yet observed ; and the individuals are not 

t Egger’s Bairdia glnUea^ from the Miocene beds of Mairhof, near Orten- 
burg, m Lower Bavaria (“ Die Ostrakodon dor Miocan-Schichten,” &c. in the 
* Neues Jahrbueb f. Min.’ &o. 1858, p. 408, pi. 1. fig. 6), has evidently the cha- 
racters of this genus. 
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quite so nearly oblong in outline, being somewhat narrowed in 
front. 

Meiacypris Forhem comes from Durlston Bay (specimens Xb|, 
M.P.G.); from Eidgway (Xb|^, M.P.G.), aud No. 123A, Eidgway, 
also No. 61, Mewps Ba}'. All these are from the Middle Purbock. 


IV. Genus Barwinula. 

[Note bv G. S. Brady, M.J)., F.E.S., F.L.S., and D. llomatrsoN, 
F.L.S., F.G.S., Juno 12, 188r>. 

“ Prof, T.Euport Jones having kindly drawn our attention to the 
fact that the generic term Darwhalla had already been appropriated 
by Fritz Muller, in lS()r), for a genus of horny sponges (Schulze's 
Archiv fur mikr. Anat. vol. i. p. 344), and Dai'wimda ha\ung been 
suggested as appropriate, we are glad to have the opi)ortunity of 
adopting this suggestion and substituting the latter lerm.'^J 

Pohjcheles. G. S. Brady, Nature, March 10, 1870, p. -184. 

Pohfvheles, ( t . S. Brady and 1). liohertson, 1S70, Ann. A Mag. 
Nat. Hist. ser. 4, vol. vi. July 1870, p. 25. 

Darwimlht, Brady and Bol)ertson, 1872, Ann. A Mug. Nat. Hist, 
ser. 4, vol. ix. p. 50, note ; and vol. xiii. 1874, p. 11 7 : and Monogr. 
Post-tertiary Entom., Pal. Soc. 1874, pp. 112, 140. 

Carapace smooth, subc;^ lindrical, elongate, oblong-ovate, or sub- 
cuneate ; valves thin and smooth, une<|ual, right larger than the 
left valve. 

Only one re<‘ent species {!). Stnunsoui^ B. and E., hcc, vitt.) is 
known. It belongs to the brackish waters of tidal rivers. This or a 
verj' similar species has been found in tlie Forest-bod series of 
Suffolk by Mr. Clement Ileid, F.G.S., of the Geological Survey. 

9. Darwikula LRorMTNELLA, Forbcs. (PI. VIII. figs. 30 and 31.) 

Cypris ohlonya ('!), J)\mkoT, Monogr. nordd. Weald.-Bild. 1846, 
p. 60, pi. 13. fig. 24. 

Cypns leymninellouhs, Forbes, MS. Juh 18, 1851. 

Cypris hgumhulla, Forbes, MS. July 23, 1854; Forbes, in 
Lyell’s Manual of Elem. Geol. 5th t'dil. 1855, p. 204, fig. 334 r ; 
Elements Geol. 6th edit. 1865, p. 378, fig. 368 r. 

Cyyi'idea o^Zonver ?, Jones, Monogr. Foss. Esther. 1802, p. 128, 
pi. 5. fig. 31 (and'33 ?). 

Gypridea legumineHa^ H. Woodward, Cat. Brit. Foss. Crust. 
1877, p. 89. 

Length ^ millim. 

Valves small, smooth, shining, elongate, with rounded ends, one 
(anterior) narrower, more elliptically curved, and more compressed 
than the other ; the left valve the largest. Carapace subcylindrical, 
tapering anteriorly, blunter behind. 

This is very much like the Carboniferous Darmnula hemiciana^ 
Jones, ‘ Proceed. Berwicksh. Nat. Club,^ vol. x. 1 884, p. 325, pi. 2, 
fig. 4 ; but it is not so truncate posteriorly, and is slightly more 
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acuminate in front. It still more closely resembles the recent 
J9. Stevemonii^t B. C. and R. ; and it is possibly identical with fig. 31, 
pi. 6, of my ‘Monogr. Foss. Estherifie/ 1862, Appendix, p, 128, 
though a little smaller. This last is a small valve from the Wealden 
of Obernkirchen, Casscl, near Hanover, and was very superficially 
described, together with other associated fossil valves, in the Ap- 
pendix referred to. In 1878 (Geol. Mag. dec. 2, vol. v. p. 107) I 
made some remarks on these specimens. Fig. 30 is probably a 
Candona ; fig. 31 a Darwinvla * (see above) ; fig. 32 is obscure ; fig. 
33 may be an impaired specimen of Darwinula (?) ; and fig. 34 may 
be Cyprione'^ oblonya (Romer). 

D, legumindla (E. Forbes) has been found in the following Upper- 
Purbeck specimens, 397 A and 307 B, Diirlston Bay ; Xb|- and Brit. 
Mus. Bacon Hole; 61, 377, and 378, Mewps Bay. In Middle 
Purbeck Xb J & Xb|, Durlston Ba} , and 123 A, Bidgway. 

It occurs also in the Wealden Beds, near Atherfield, Sandown, 
Hastings, Hythe, &c. 8ec pp. 333, 334. 

D, leyarnindla abounds in some ot the Hanoverian black Cypri- 
diferous Shales from Obernkirchen and the Deister. Some specimens 
are in the British Museum. Although the description and figures 
of Cyprls ohlonya given by llumei and Hunker do not fit this 
species, j et it is possible that they were intended to cover both it 
and Cypnonc Bristol n* ; C, ohlonga (Homer), however, may be di- 
stinct. At all events Bunker’s fig. 24 well suits a piece of shale 
loaded with little Darwhuihr, The species is figured in mj ‘ Monogr. 
Foss. Esth.’ 1. c. from Obernkirchen, Hanover ; fig. 31 is fairly good, 
and fig. 33 may be imperfect or partly imbedded. 

V. Genus Ctpris, Muller, 1 785. 

(See the memoirs on recent Ostracoda, by G. S. Brad;^ and others, 
to whom he refers, for general and special descriptions.) 

Valves subreuiform or suboblong, thin, smooth, pitted or bristly ; 
Hinge simple, or with narrow furrows or flanges and slight ridges. 
The interiors of the front and hind margins arc bevelled, and are 
sometimes continued into a more or less developed, narrow, laminar, 
oblique plate. Left valve the largest. 

10. CrrRis PTjRBECKENsis, Forbcs. (PI. IX. figs. 1~G.) 

Cypris purhecJcensls^ Forbes, MS. Julv 18, 1851 ; MS. July 23, 
1854. 

Cypris purheeJeensis, Forbes, in ell’s Manual Elem. Geol. 
5th edit. 1855, p. 297, fig. 339a; Elem. Geol. 6th edit. 1865, 
p. 387, fig. 375a. 

Cypris purheeJeemis, Huxley and Etheridge, Catal. Coll, Fo?s. 
Mus. P. Geol. 1865, p, 254. 

Cypris purhecTcensis^ P. de Loriol et Jaccard, Mem. Soc. Phys. 
Hist. Xat. Geneve, vol. xviii. part i. 1866, pp. 81, 82, pi. 2. figs. 1-^. 

* Figs. 23 and 24 in the same plate (Caw«?owa ? from Linksfield) 

may represent a Darwinula also ; for its lucid spot, of which I ha\e drawings, 
is that of Darwinula, 
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Offfmctea purheekensiSf H. Woodward, Catal. Brit. Foss. Crust. 

1877, p. 99. 

Ojfpris*^ purhecJcensiSf Jones, Proceed. Geol, Assoc, vol. viii. 

1883, pp. 57, 58. 

Length ^ mm. figs. 3-5; 1 mm. figs. 4 & 6; mm. fig. 1 ; 

mm. fig. 2. 

Valves Bubreniform, arched on the back; nearly straight, or 
somewhat incurved, on the ventral edge; rounded at the ends, 
broadly and obli(|uely in front. Edge-view acute-oval. Surface 
smooth. Contact-margins simple. Insides of front and hind 
margins are sometimes more bevelled than in fig. 1. 

The size and shape are both rather variable (compare figs. 1~6, 
PI. IX). An exceptionally broad (high) left valve, with a remarka])l« 
sharp tubercle (local hypertrophy?) on the j)ostcro-dorsal edges, is 
shown by fig. fi. Figs. 3 and 5 ai e smaller n niform individuals. Age 
and sex probably determiiu‘d these differences of size and shape. 

A broken valve from the Post-tertiary freshwater bed^ at Co])ford, 
Essex, is figured (hind end upwards) in nn ‘Monograpli Entom. 
Tert. Form.’ IhoO, ])1. 1, fig. oo, which cloudy a]>pro\imatos in 
form to fig. 1 ot PI. IX. here. It is the variety B.C. audit., 

of Candona Candida, V)jprii$ vlnmt (JuriiH‘), known also as 
C, tristridta, Baird, is a recent form of \ery similar make, and in 
G. S. Brady’s “ Monogr. Rec. Brit. Ostrac.,” Trans. Jjinn. Soc. vol. 
xxvi. pi. 23. figs. 2:»-20, it is figured with the litth^gape seen also in 
our fig. 4, PI. IX. 

On the specimen in the Mus. Prad. (icol., X iri, probably one 
of the early slabs 8(‘en by E. Forbes, there are the two somewhat 
differing forms, n am eh , the rmlfonn and the snhn niform. They 
have all been '^^eathered, and one side-surface has es]>ecially been 
thus modified, so as to account for the flat margin in the figure 
given by IacII, and in one of those in Forbes’s two letters. This 
specimen is referred, by error 1 believe, to the Mi(ldh‘ instead of to 
the liOwcr Purbcck in the Museum of Practical Geology (see above, 
p. 325 note). 


VI. Genus Candoxa, Baird, 1815. 

Valves like those of Ot/jjrls. Difficult to be distinguished from 
that genus except by comparison with known rec(*nt forms, the 
structure of the soft parts supphing the critical differences. The 
general aspect of the Purbcck specimens here selected under this 
head reminds us of Candouce rather than of Cy prides. 

11. Candona bononiensis (corrected, see above, p. 311), Jones. 

(PI. IX. figs. 7, 8.) 

Cythere holoniensis, Jones, 1882, Bullet. Soc. Geol. France, ser. 3 
vol. viii. pp. 015, 016, 1883 ; Proceed. Geol. Assoc, vol. viii. p. 5g’ 

Length 11 mm. 

Valves suboblong, almost equally rounded at the ends, constricted 
a little in front of the middle, the posterior moiety being higher and 
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more convex than the front portion. Edge-view of carapace acute- 
ovate. Left valve the largest. Contact-margins simple ; the nearly 
straight dorsal edge has the front hinge indicated by a slight angle 
and a faint impression behind it outside. . ' 

12. Cakdona ansata, sp. nov. (PI. IX. figs. 9-12.) 

Length | mm. to | mm. 

Valves suboblong, obliquely rounded at each end, the slopes being 
antero- and postero-dorsal. Back straight; ventral edge slightly 
concave, with its edge turned in at the middle and swelling out at 
the posterior third, so as to form a strong projection, almost like 
the short, blunt handle of a crock (but upside-down). The surface 
is smooth ; but in some cases the inside of the valve is pitted (by 
the decay of tubules ?), and the bevelled translucent insides of the 
front and hind margins show radiating tubules (fig. 9). Lucid 
spots are visible in figs. 9-12, somewhat resembling those in 
Giftlieridea. Edge-view of the carapace suboval. Left valve the 
largest. The contact-margins are simple ; terminal edges bevelled 
inside ; hinge-line distinct, with a faint angle in front (not strong 
enough in fig. 1)\ and a slight impression behind it on the outside. 

The “ lucid spots ” arc visible in a specimen from Hartwell 
(No. 269). 

They form a pattern of six ; four transverse, parallel, in a curve 
(convex backwards), and two in front, one near each end of the lower 
row. 

VII. Genus Cythere, Hiiller, 1785. 

Carapace of two nearly ecjual valves, suboblong, subrhomboidal, 
or subtriangular, thick, ornamented with pits, reticulation, riblets, 
and tubercles. Left valve usually rather larger than the right. 
Inside of the front edges in each valve bevelled off inwards. Hinge, 
for the most part, a barlike ridge on the left valve, ending in front 
with a tooth and a socket beyond, and ending behind at the socket 
which receives the tooth at the end of the furrow on the right valve 
behind the anterior tooth which falls into the front socket of the 
left valve. So that, typically, the loft valve has a bar and front 
tooth, and a socket at each end; Tvhilst the right valve has a 
corresponding sulcus and socket and a tooth at each end, besides a 
thin outer ledge or fiange to fall into a furrow along the outer 
convexity of the wider left valve. Some of these features are often 
modified or obsolete. Sec examples in the Monogr. Tert. Entom., 
Pal. Soc. 1856. For the relationship of recent species, as based on 
the soft parts, see the memoirs by Sars and Brady on Ostracoda — for 
instance, G. S. Brady’s “ Report on the Ostracoda dredged by 
H.M.S. ‘Challenger,’” &c. ‘Zool, Chall. Exped.’ pt. 3, 1880, 

pp. 61-62. 

13. Cythekb teansiens, sp. nov. (PI. IX. figs. 13-16.) 

Length ^ mm. 

Valves subtriangular, or somewhat pear-shaped, rounded at ends. 
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high on the back at the anterior third, whore the tiont hinge 
somewhat projects. Edge-view blunt, corax)rcs8ed oval. Surface 
coarsely pitted with a rough reticulation. Ventral (‘dgo much 
incurv^ 

Found at Swindon (specimen no. 304), in Purbock beds, by the 
Hev. Prof. J. F. Blake, F.(KS., after whom it was at first named 
(when this paper was read) ; but another Gy there had already been 
assigned to him. (7. transient occurs also in a soft, white Portland 
stone from Brill. 


14. Otthsee REIIBT7GATA, sp. nov. (PL IX. figs. 17-24, including 

var. rugtdatOj figs. 17-20 ; and var. textUiSy fig. 24.) 

Length usually | mm., fig. 19, ^ mm. 

Suboblong, with oblique ends, sloping from the front and hinder 
ends of the hinge-line, which is straight, and oblique to the long 
axis of the v^ve. Ventral border slightly sinuous, and much 
incurved at its edge. Edge-view oval, slightly acute. Surface pitted 
over two thirds of its area, and wrinkled or finely costulato along 
the ventral region ; the jnts in fig. 1 7 (var. ni/fiilatu) are wide apart 
and roundish; in other specimens (fig. 21) they take a rough 
reticulate pattern (retlrugakt ) ; and in others ( fig. 24) the reticulation 
is delicate (var. textiUjf), the meshes are oj)en, with thin walls, and 
become regular and rectangulir on the ventral region, where the 
longitudinal mosh-waUs rci)reseiit the riblets of other spccimt'iis. 

At first I was inclined to sejiarate tigs. 17 2(» off from tho others 
as a distinct form (C, rnyulata); but tin* gradation to fig. 21 is 
evident, and Dr. (r. S. Brad} has suggested that it may bo tho male 
form ; nevertheless it will bo coiivtmieiit to keep rnyufuta as a 
varietal name. The ])attern of fig. 24 is tho same as that of tho 
foregoing, although in detail the reticulation is more like lacc-work, 
the meshes being much firrT, and the cost ulat ion far more delicate. 
The last deserves a varietal name, twlilis. 

In figs. 17-20 each pit seems to open inwards in a little tube; 
and each mesh in fig.'*. 21-23 has two or more of sucli little 
perforations. 

C, retirvgata (type) was found in specimen no. 2i>3 (figs. 21-23), 
from Hartwell ; and no. 3(>4 from Swindon (Prof. Blake). 

C. rugulata in four specimens, nos. ( figs. 17, 18), 258 (fig. 20), 
269 (fig. 19), and 357, all from Hartwell. 

C, texiilis, also from Hartwell (Barnard’s pit), 8])ccimen no. 166 
(fig. 24), and from Brill. 
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EXPLANATION OF PLATES VIH. & IX. 

(Tie Bpecimens are hgured with the front ends upwards.) 
Plats Vm. 


Fig. 


No. of 
Speoiineu. 


61A,s 

61A,6 

61A,z 

3413 

34,20 


1 . C^pridea ^nctata (Forbes), var. pos- \ Middle Parbeck ; 1 

ticaliSf Jones. Oarapaoe, side view j Mewps Baj. j 

2 . . Left valve „ „ 

3 . . Carapace, edge view „ „ 

4. Cppridea pvmtata (Forbes). Left'iU^r Purbeck;! 

valve, inside | Lurlston Bay. J 

5 . . Eight valve, inside „ „ 

6 . Cypridea punctata (Forbes), var. pos - 1 Mid-Purbeck ; Bidg- 1 ©qo 

ticcdis, Jones. Eight valve j way. J 

7 . J var. gihhosa (Forbes). 

Left valve „ „ 

g. ,var.^os^'ca/is, Jones. Left 

valve „ „ 

0. Cypridea Lunkeri, Jones. Carapace, 1 Middle Purbeck;! 
edge view j Mewps Bay. j 

10. — . Eight valve „ „ 

11 . Meiacypris Forhesii, SoiiRi. 

ri A ' f Middle Purbeck ; 1 

. Carapace, end new | Mewps Bay. j 

. Left valve (rather vorru- 

fose) 

14. , var. verracosa, Jones. 

Carapace, dorsal aspect „ „ 

'Mid-Purbeck; Eidg-l 
way? J 


12 . 

1C. 


Bight 


Mid-Purbeck; Whit- 
church ? 


16. . Carapace, ventral aspect 

16. . Eight valve, inside 

17 . Cypridea Bunker Jones, 

valve 

Cypridea yra^iulosa (Sow.), var. pauci - ) 
graimlafa, Jones. Left valve 

19. . Carapace, ventral 

view 

20. , Carapace, end view ) 

21. . Eight valve, inside 

22. Cypridea tuberculata (Sow.), var. 

adjunct a^ Jones. Eight valve 

23. . Carapace, end view 

24. . Dorsal edge of valve 

26. Cypridea ventrosa, Jones. Left valve, 

ventral aspect 

20. ■ - — ■ ■■'. Outside of the same valve 

27. Cypnowe Emifom, Jones. Left valve 

28. . Inside of right valve „ „ 

29. . Inside of left valve „ „ 

30. BarwimUa Ugmninella (Forbes). Left 1 Middle Puiribeok ; 1 

valve j Mewps Bay. / 

31. . Edge view of carapace... „ „ 

32. Cyprime Brtstoviit Jones. Immature 

form „ „ 


Ul 


Purbeck ; 


Lpper Purbeck ; 
jDurlston Bay. 


382.3 

382.4 
61A, i 6 
61 A, 17 
382,8 

61,3 

61,^ 

61,2 

60A,4 

123A,3 

382,1 


229,13 

27,3 

40,2 

40, II 
40iA, I 
40AA,2 

61 , 21 

61 17 
27,11 


Masni- 

m 

(diam.). 


25 

25 

30 
30 
2 20 

20 

20 

25 

25 

30 

30 


30 

30 

30 

25 

25 

25 
125 

26 

25 

25 

.25 

25 

25 

30 

30 

30 

30 


30 


The small numbers indicate the individual specimen on the slide. 
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Fu.tb IX. 


Fig. 

1 . 

a 
. a 

4. 

5. 

6 . 


la 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 


CfgpriB purheckensiSf Forbes. Inside 1 Lower Purbook ; 

of left Talve j Vale of Wardour. 

. Eight Talve ,, „ 

(reniform Tariety). Left 1 Lower Purbeck 

Talve J llartwoU. 

j • f f Lower Purbeck 

Edge new of carapace... I Vale of Wardour. 

T A I i Lower Purbeck 

, LeftyalTC | Whitchurch. 

. Bight valve (thick) 

Candona hononiensis, Jones. Right I Lower Purbeck 

Talve J llartwell. 

— . Edge of valve „ „ 

Candona ansata^ Jones. Left valve, 

inside ,, „ 

w,. , . , { Lower Purbeck ; 

. Right valve ^ South Oving. 

. Edge view of valve ., ,, 

. Left valve ,, ,, 

Cythere transient, Jones. Loft valve, 1 Lower Purbeck ; 

inside J Swindon. 

. Right valve, inside „ „ 

. Carapace ventral view... „ „ 

, XiCft valve „ „ 

Cythere retirugatay Jones, var. rugii - 1 Lower PurbtKjk ; 


lata^ Jones. Left valve 

valve, inside 

, Carapace, ventral view... 

. Right valve, inside 

Cythere rciinigata, Jones. Left valve 

— , Carapace, ventral aspect 

. Right valve, inside 

, var. tea'tilis, Jones. Right 

valve 


j Hartwell. 


Hagni- 

No. of fled 
Specimen, (diam.). 


230,6 

20 

230.2 

20 

350,3 

20 

230,1 

20 

227,1 

20 

‘Cunnington, 3 ’ 

'20 

353, 1 

20 

353, 2 

20 

2G9,ii 

;m) 

3(>3, 3 

30 

3(i3, 2 

;io 

3(k1,4 

30 


40 

3<i4, 9 

40 

7 

40 

364, 2 

40 

2:»C, 2 

30 

2r)<),4 

30 

269, 

;io 

258,6 

m 

253, 8 

;mi 

253,2 

;{o 

253, 1 1 

30 

166. J 

30 


Discussion. 

Prof. Blake thought that the Purbeck beds of Swindon wore con- 
temporaneous with the Portlandian further south, and that this 
view was confirmed by the mingling of marine and freshwater 
forms. 

Dr. Hinde pointed out that the name of Darwinella had been 
already employed by Prite Miillor for a genus of homy sponges. 

Mr. Whitakee asked for further information as to the species of 
Ostracoda being characteristic of the several divisions of the 
Purbeck. 

Dr. WooDWAEi) pointed out the necessity of indicating the dorsal 
and ventral aspects of all the forms, so as to facilitate thoir com- 
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parivori with living forms. Ho regretted the number of names which 
had to be coined for the subgenera of Cypris. 

I'he AutHOB said that Darwiaella was a genus founded by Brady, 
and he regretted if that author had been forestalled. It i^ difficult 
at limes to distinguish the ends in fossil Ostracoda, and it is not 
aH ays possible to distinguish between the dorsal and ventral sides ; 
but in these Purbcck forms there is no doubt or difficulty. With 
respect to Swindon, the study of these fossils seems to confirm the 
views of the late Mr. Charles Moore and Prof. Morris. 
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30. On t%e Tertiary and Older Peridotites of Scotland. By 
Prof. John W. Judd, F.R.S., Sec. G.S. (Read February 11, 
1885.) 

[Plates X.-XIII.] 

Introduction. 

Part I. — The Tertiary Peridotites and Allied Rocks. 

§1. Relations of these Rocks to the other Eruptive Masses of the 
WesU'm Isles of Scotland. 

§2. Microscopic Struct urea of the Rocks. 

§ 3. Minerals of which the Rocks are built up. 

§ 4. The Changes which the&e Minerals liave undergone at great depths 
from tlie surface, 

§f). Nature and Origin of ihc Changes \a liich have taken place in the 
Minerals of c1e*‘P‘>eated Plutonic Rock.s (“ Schillerization”). 

§6. The Agency by nhich the SclnlJcrization of Minerals has lieen pro- 
duced. 

§7. Varieties of the Tortiar\ VI tra-haMc Rocks. 

Part II. — Thl PALj:f zoii PiKii»oims \nj) Allmd Rocks 
§1. Alteration of the MineraV in the I’lheozoic Peridotites. 

§2. Varieties of the Pahco/oic PoridotiteH, 

1 3. The Sc} elite (altered mica-horn blende-picntc) of Caithness. 
Summary of Rksi lts. 


Introduction. 

Those rocks which contain an excessive proportion of the bases, 
especially magnc'sia and ferrous ox'idc, and are therefore compost'd 
largely of unisilicates, may bt‘ conveniently classed tis xdtm-hask 
rocks. Such rocks constitute a small but highly interesting group, 
which is characterized as follows : — They have a very low ptTcentage 
of silica, ranging gcneriilly from 35 to 45. with a high sjiecitic 
gravity, vary ing from 3 to 4 ; while the ferro-magnesian silicates, 
olivine and enstatite, enter largely into their constitution. Felspar 
is often altogether absent from these rock*-, and, Yvhen present, 
appears to be always rejircsented by the basic species anortliite, or 
one approaching in composition to that tjyie. 

Many of these ultra-basic rocks may be very convenicntlv grouped, 
as Professor liosenbusch proposes, under the name of “ peridotites 
rocks, that is, in which the unisilicate, olivine, forms the prevailing 
constituent. 

There are other ultra-basic rocks, however, which contain a con- 
siderable proportion of the bisilieates, and tliese form a link between 
true peridotites and the ordinar} basic rocks. Among these may be 
noticed the picrites, in which olivine is united with a considcralile 
proportion of augite, hornblende, or biotito, anorthite-augite rock 
(eucrite)*, anortbito-bomblende rock (corsite), and anorthito- 
olivine rock (troctolitc or forcUenstoin). 

[ * It is possible that teschenito must be grouped with those rocks which lie 
on the border line between the basic and the ultra-basic groups. See Bohrbach, 
Tschermak’s Min. und Petr. Mittheil. vol. vii, (1885) p. 1.] 
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The peridotites and their allies are of especial interest to geologists 
on four different grounds : — Firsts their mode of occurrence has 
been thought to be suggestive of their having come from deeply- 
seated portions of the earth’s crust, and they have therefore been 
supposed to afford some indications concerning the constitution of the 
earth’s central mass. Secondly^ they are the source from which many, 
if not, indeed, all, of those very interesting rocks the serpentines have 
been derived by hydration. Thirdly^ in rocks of this class the 
remarkable mineral, diamond, has been found in situ. fourthly., 
they exhibit many striking points of resemblance with those won- 
derful “ extra-terrestrial rocks ” — the meteorites. 

The peridotites which have, up to the present time, been described 
api)ear to bo platonic rocks, forming either the whole or portions of 
intrusive masses. Tlie enclosures in basalt and the “ olivine-bombs ” 
contained in basaltic tuffs constitute ajjparent — but probably only 
apparent — exceptions to this rule, for they would seem to have 
been brought from below entangled in the lavas and scorim with 
which they are associated. Professor Eosenbusch is inclined to 
regard the “ limburgites ” as analogous to the peridotites, and some 
of these rocks certainly liavc an ultimate chemical composition sug- 
gestive of an alliance with the ultra-basic tj^cs. But the majority 
of the limburgites would seem to be, like the magma-basalts of 
Boficky and Mdhl, rocks in which consolidation has taken place 
before the individualization by crystalline action of the more acid 
constituents which form the felspar, ncpheline, or leucite. 

The true peridotites have been usually regarded as belonging to 
the older geological periods ; by some authors, indeed, they have 
been stated to be absolutely characteristic of the Pre-Tertiary epochs. 
In Scotland, however, we find great masses of undoubted peridotites, 
exhibiting all the essential features of tlufir older analogues, but 
associated in the most intimate manner with the intrusive rock- 
masses which I have, on a previous occasion, shown to be the central 
cores of great volcanoes built up by successive outbursts during the 
earlier Tertiary periods. 

But it is not alone on account of their younger geological age that 
the peridotites and allied rocks of the Western Isles of Scotland are 
of such extreme interest to geologists. Owing probably to their 
comparatively recent origin, the minerals of which these rocks are 
composed are in a remarkably fresh and unweathered condition, 
supplying us, as I hope to show in this paper, with admirable 
facilities for studying certain questions concerning their origin and 
mode of development. Examined from this point of view, the Ter- 
tiary Peridotites of Scotland furnish us with valuable suggestions 
for the solution of many problems concerning the older rocks of the 
same class, and their altered representatives, the serpentines, not 
only in Scotland, but in other parts of the globe. They are also 
important from their grand development in this district — forming, 
as we shall see that they do, a considerable portion of great moun- 
tain-masses, which cover considerable areas. 
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Part L 

The Tertiary Peridotites and Allied Rocks. 

§ 1 . Relations of thebe Rocks to the other Eruptive Masses of 
the Western Isles of Scotland. 

More than ten years ago I was enabled, by a careful study of the 
"Western Isles of Scotland, to demonstrate that the eruptive masses 
of granite and gabbro of that area constitute the denuded cores or 
basal wrecks of great volcanoes built up during the earlier Tertiary 
periods*. As Professor Zirkel had shortly before visited the district 
for the purpose of collecting specimens of the leading types of rocks 
in it, and bad given a detailed account of their microscopical cha- 
racters t, I made the petrogra})bical determinations of that excellent 
observer the basis of my field-work, reserving to a future occasion 
a full account of the minute structure of the very large scries of 
typical rocks which I collected during my field-work extending over 
several years, as well as in subsequent visits to the district. In ful- 
filment of the engagement 1 then made, T have as yet only been able 
to deal with the basaltic glasses, in a paper in preparing which I had 
the cooperation of my friend Mr. (’ole t, and 1 now lay before the 
Society a second instalment of the task. 

The ultra-basic rocks of the Western Isles of Scotland form sub- 
ordinate portions of several of the great basic eruptive masses of the 
Western Isles of Scotland. They are especially developed in the Isle of 
Rum and in the Shiant Isles. By Macculloch, to whose careful studies 
we owe BO much of our knowledge of the district where they occur, 
the difference of these rocks from those with which they are associ- 
ated was clearly recognized, though their true* nature was to some 
extent misunderstood. As we shall hereafter show, the olivine 
which forms such an important constituent in most of these rocks 
has undergone a curious modification, by which it is caused to 
assume a darker colour than is usual in the mineral. In consequence 
ot this change the olivine in many of these rocks appears to tho 
naked eye so similar to the associated augite, that it is not surpris- 
ing to find Macculloch confounding the two minerals and supposing 
the rocks to be almost wholly composed of augite. It was in this 
way that he was led to give them the name of “ augite-rock ” §. That 
no subsequent observers have noticed these remarkable rocks is pro- 
bably accounted for by the fact that the Isle of Rum is seldom visited, 
while the Shiant Isles are not only almost uninhabited, but are 
very difficult of access. 

The basic eruptive rocks with which the ultra-basic ones are so 
intimately associated, fall into the two classes of gabbros and dolo- 
rites. 

* Quart Joum. Geol. Soc. vol. xxx. (1874) pp. 220~,*K)2. 

t ZeitBchr. d. deutsch. geolog. Gesoll. vol. xxiii. (1871) p. 1. 

t Quart. Joum. Geol. Soc. vol. xxxix. (1888) p. 444. 

§ A Description of Ihe Western Isles of Scotland, &c., by John Macciillooh, 
M.D. (1819), vol. i. pp. 436, 485, &c. 
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Tho gabbros, as Zirkel so well showed belong for the most part 
to the class of the olivine-gabbros, the olivine in these rocks, how- 
ever, bfeing frequently so curiously obscured, as to be easily over- 
looked. 

By other writers these rocks have been called hypersthene-rock f, 
hypersthenite or hyperite +, hyperitic diabase §, labrador-syenite j|, 
and norite IT* 

The main cause of the conflict of opinion concerning the nature 
of this rock and the name by which it should be called was the 
difficulty found in determining its conspicuous pyroxenic constituent. 
As we shall show hereafter, Zirkel was undoubtedly right in referring 
this pyroxene to diallage, the foliated form of augite At the same 
time it must be borne in mind that the various forme of enstatite, and 
among them true hypersthene, are also frequently present, and some- 
times in such proportions as to entitle the rock to be called an 
olivine-enstatite-gabbro.’’ 

It is a surprising circumstance that some authors have regarded 
the rock in question as being of metamorphic origin and of Archaean 
age. The only possible ground for such a conclusion which I can 
conceive of is that the rocks present certain parallel division-planes, 
and are built up of the same minerals as some supposed Lauren- 
tian rocks. As for the parallel division-planes they are certainly 
nothing but the great concentric joints which are so often found tra- 
versing both gabbros and granites ; while, as 1 have elsewhere shown, 
the connexion of these rocks with the Post-Tertiary basalts is un- 
mistakable. 

As, however, the supposed metamorphic origin and Archaean age 
of the gabbros of the Cuchullin Hills of Skye has not only been 
taken for granted, but has been made the basis of curious theo- 
retical speculations, it may be well to trace the idea to its original 
source. 

The first who broached these notions appears to have been Dr. 
A. Geikie ft, before whom, so far as I am aware, no one had ques- 
tioned the reference made by Macculloch of these rocks to the 

* Zeitsflir. d. dcutsch. geol. Gesell. xxiii. (1871) p. 58. In 1878, Prof 
von Lasaiilx gave an interesting account of the microscopical characters of the 
similar rocks of the Carhngford Mountains, \vhich form, as I have shown, a 
portion of the same great Tertiar;v series of outbursts. (Tschermak, Min. u. Petr. 
Mitth. 1878, p. 42G.) His results are in close agreement with those of Prof. 
Zirkel. 

t Macculloch, * Western Isles,’ vol. i, p, 385 ; Geikie, * Scenery and Geology 
of Scotland ’ (1865), p. 210. 

t Heddle, Trans. Roy. Soc. Eclin. vol. xxviii. (1879) p. 478. 

§ Heddle, loc. at. vol. xxviii. (1879) p. 252. 

II Haughton, Dubl. Quart, Journ. Sc. lol. v. (1865) p. 94. 

^ Sterry Hunt, Chem. & Geol. Essays, 2nd ed. (1879) p. 281. 

** Dr. Heddle has arrived at the startling conclusion that not only is diallage 
neTer found in these rocks, but that in Scotland this mineral occurs only m 
metamorphic rocks! (See Trans. Roy. Soc. Edinb. vol. xxviii. (1879), p. 477 
footnote.) 

tt Trans. Roy. Soc. Edinb. vol. xxi. (1861) p. 633; also ‘ Scenery and Geology 
of Scotland* (1865), p. 210, footnote, and Murchison and Geikie’s Geological 
Map of Scotland, Ist edition, 1865. 

Q. J. G. S. No. 163. 
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igneouB group* In 1865, Dr. Haoghton paid a brief visit to Skye, 
•ud on hia retiira expressed the same opinion concerning the origin 
md age of these rocks That the Archasan age and mctamorphic 
Oiigiii of the rocks in question is no longer maintained by the first* 
mootioiied author, is evident from several of his later writings f ; 
surrerthdiess, the erroneous identification has been adopted by Dr. 
Sterry Hunt who makes a strong point of it as supporting his 
views concerning the chronological classification of rocks, based on 
their mineralogical characters. It is but just, however, to this 
author to conclude that his acquaintance with the rocks of Skye is 
probably limited to hand-specimens. 

The gabbros of the Inner Hebrides present, as I have already 
shown, all the distinctive characteristics of igneous eruptive masses. 
They are, as a matter of fact, remarkably free from all traces of the 
foliated structure which is sometimes found superinduced in igneous 
rocks of greater geological antiquity. In their general relations, as 
well as in their structure, tlnw present the most remarkable analogy 
with the granites, of which the}' are clearly the representatives in 
the basic series of rocks. Thus they form mountainous masses inter- 
sected in all directions by the so-called “ contemporaneous ’’ or 
“ segregation ” veins, and are sometimes studded with enclosures 
composed of the same minerals as the rock itself, hut iu different 
proportions. These gabbro-masses become finer-grained and less 
perfectly crystalline towards their edges, and they give off innumer- 
able veins into the surrounding rocks, while the most striking effects 
of contact-metamorphism are seen in stratified materials lying in 
juxtaposition with them. 

The dolerites of the Western Isles of Scotland form smaller erup- 
tive masses, and also great iiitru>ive >heets which are not only seen 
to be connected with the larger gabbro-iiitrusions, but graduate into 
them in the most inseiivsiljle manner. Some of the thickest of the 
lava-flows are also dolerites, undistiiiguishahle in their characters 
from the intrusive masses. 

Locally, both gabbros aud dolerik*s are found passing into perido- 
tites by the gradual disappearance of the felspar and the increase in 
quantity of the olivine. In this way the felspathic rocks are seen 
graduating insensibly into the non-fclspathic forms, and these latter, 
in the island of Rum, cover vast areas and form the hulk of moun- 
tain-masses thousands of feet in height. It is noteworthy that the 
peridotites make their ai>pcarance not only in the deepest valleys of 
Hum, hut also on the top of Halival and other mountains in the 
island which are between 2000 and 3000 feet high. 

But there is another and very interesting mode of association of 
the peridotites with the gal.bros and dolerites, which is esjiecially 
■worthy of notice. The peridotites arc often found in segregation- 
nodules in the gabbros, and occasionally scgregalion-nodules of 
gahbro are found in the peridotites, the phenomena being strikingly 

* Dublin Quart. Joum. Sci. vol. v. (18(5.5), p. 94. 

t A. Geikio, * Text-Book of Geology* (1W2), p. 160. 

} Sterry Hunt, ‘ Chemical and Geological EshajF,’ 2nd edition (1879), p. 279. 
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parallel to those displayed by the granites, and so well described by 
Mr. J. A. Phillips, P.E.8.* Still more frequently the, so-called 
“ segregation ” veins of peridotite are seen traversing the gabbro, 
and similar veins of gabbro are found intersecting the peridotite 
masses. Kot unfrequently, too, such veins are found composed of 
picrite, eucrite, or troctolite. That these so-called “ segregation 
or “ contemporaneous veins have been formed at different times is 
shown by the fact that one vein is frequently intersected and shifted 
in position by another. A beautiful example of this kind is illus- 
trated in the annexed diagram. 

Intersecting Veins of Gabbro and Dunite in Olivine RocJc^ ^ nat . size 



a. Olivine rook (dunite). 

b. Olivinc-gabbro >ein traversintij the same. , 

c. Segregation -nodule of foKp.ithic rock. 

d. Porplijritic dunite iutersecling and shifting the gabbro-vein. 

As is not uncommonly the case with such veins, the minerals in 
them have sometimes a s])ecial arrangement of their own. Thus in 
tho case figured above, the oln ine-gabbro-veiii (6) has its felspar 
grouped principally along the sides, and the augito and olivine in the 
centre. 

The relations of tho gabbros and peridotites in the Western Isles 
of Scotland seem to indicate that in the heart of these old volcanoes 
the felspar, oliviue, and augite tended to segregate in certain cases 
into masses of various dimensions ; and that these masses were, after 
consolidation, fissured again and again, the fissures being injected by 
different portions of the magma, which were still in a more or less 
plastic condition. 

The very close association of peridotites with gabbros is not by 
any means peculiar to tho district we are describing. In tho Hartz, 
in Nassau, in Baden, in Silesia, and in many other districts a similar 
association of rocks prevails : and in many, if not all of these cases, 
♦ Quart. Joum. deol. Soc. vol. xxxvi. (1880) p. 1. 

2 c2 
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the pTiexenes and oliyineB of the felspathio and the non^felspathio 
Mike eidkibit the most striking resemblanoes. 

To the similar relations between the altered j^eridotites (or ser- 
ipentims) and gabbros, which have been so frequently remarked 
iqmi by FnrfL Bonney * and others, I need do no more than make 
a paaidng reference. 

The constant association of serpentines, which are altered perido- 
titee, with gabbros appears to have led to the supposition, a highly 
improbable one, that the latter rocks can be chang^ into seipentine. 
Hie fact that the felspathic rocks graduate so constantly into the 
non-felspathic will fully account for the association of the hydrated 
representatives of the latter class with the more or less altered 
representatives of the former without the necessity of our having 
recourse to the violent hypothesis referred to. 

§ 2. Microscopic SfRUcruRE of tile Kocks. 

The larger intrusive masses of basic composition in the Inner 
Hebrides are all perfectly holocn/stallme, and show no vestige of a 
glassy basis or ground-mass. Nevertheless some very interesting and 
distinctive structures are seen to be exhibited by them, when they 
are studied in thin sections, under the microscope. 

The structure usually displayed by the gabbros may be defined 
as granitic^ that is to say, they are built up of crystals, the deve- 
lopment of the outward forms of which has been to a great extent 
prevented by the growth in juxtaposition with them of other or}’8tal8. 
NVe may perhaps conclude that in these rocks the separation in the 
magma of the several minerals, felspar, augite, and olivine, took 
place almost 8iraultaneou^ly. 

Occasionally, however, the minerals of the gabbros have a ten- 
dency to the formation of more or less rounded grains, and an ap- 
proach to the gramdiilc structure is exhibited. 

The gabbros vary greatly in the coarseness of their grain. In 
Skye and Ardnamurclmn, we find rocks made up of crystals an inch 
or more in length, and every gradation is seen from these coarse- 
grained rocks down to those in which the crystals are extremely 
minute. 

The dolerites, which are, as a general rule, finer-grained rocks, 
exhibit two very interesting tj’pes of structure, which seem to be 
worthy of careful study. 

For the first of these I propose, following M. Michel Levy, to 
employ the term ophitic structure, from its having been first noticed 
in connexion with those interesting rocks, the ophites of the 
Pyrenees t. Hr. A. Geikie has also described it as occurring in the 
intrusive rocks of Carboniferous age in the central valley of Scotland^* 
In this class of rock the augite is found crystallized in large patches, 

* Quart. Joum. Geol. Soc. vol. xxxii. (1877) p. 915, toI. xxxiv. (1879) 
p. 783 ; Geol. Mag. dec. ii. vol. vi. (1879) p. 370. 

t Bull. Soc. Geol. d. Fr. 3nie fJkr. tora. vi. (1877) p. 156. 

J Trant. Boy. Soc. Edinb. vol. xxix. (1880) p. 495. 
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which enclose well-formed crystals of felspar. The crystalline 
continuity of these large patches of augite is shown by the broad 
cleavage-fractures^ which cause the rook to present a number of 
brilliant faces reflecting light. Under the microscope the same fact 
becomes stiU more obvious by the persistence of the deavage-craoks, 
and by the same optical relations being exhibited over considerable 
areas, when the sections are viewed by polarized light. 

Nowhere is this beautiful ophitic structure more admirably dis- 
played than in the Shiant Isles, but in a less perfect condition it is 
seen in the later intrusive masses of Sarsta Beinn in Mull*, and 
many other localities. While, on the one hand, the gabbros not 
unfrequently exhibit some indications of an approximation to this 
structure, it is also displayed in a far less perfect condition (semi- 
ophitic structure) in some of the basalts. The careful examination 
of these rocks with the microscope fully bears out my original 
conclusion, derived from studies in the field, that the most perfect 
transitions occur from gabbros through dolerites and basalts to basalt- 
glass. 

The other structure presented by the dolerites I have ventured 
to designate as the porphyro-granulitic structure. The base of 
these dolerites is composed of a mixture of lath-shaped felspars, 
and small irregular grains of augite, and through this base large 
porphyritic crystals of felspar and large grains of olivine are dis- 
tributed in greater or less abundance. A very excellent example 
of this structure is exhibited by the rock at Ru Geur in Skye t. 

Some of the granitic gabbros exhibit a distinct approach to the 
ophitic structure in the arrangement of their crystals, while the 
granulitic gabbros graduate insensibly into the porphyro-granulitic 
dolerites. Both the ophitic and the granulitic dolerites are found in 
turn passing insensibly into basalts by the appearance of a more or 
less glassy base between the crystals. 

I propose to discuss the origin of these structures and the manner 
in which they shade insensibly into one another, and abo into the 
structures characteristic of the basalts, in a subsequent paper devoted 
to the description of the whole of the basic rocks of the Western 
Isles of Scotland. It was necessary, however, to refer to the subject 
here, as the peridotitos in every case exhibit a structure analogous 
to that of the gabbro or dolcrito with which they are associated. 
Thus a gabbro, by the dbappcarance of its felspar, is seen passing 
into a peridotite of granitic structure ; and an ophitic dolerite, in the 
same way, graduates into a peridotite with ophitic structure. In 
PI. XIII. fig. 2 exhibits an example of tho porphyro-granulitic struc- 
ture, figs. 5 & 6 of the granulitic, figs. 4 & 8 of the ophitic, and 
fig. 7 of the granitic structures, as exhibited in rocks of the ultra- 
basic class. 

* Quart. Journ, Geol. Soo. vol. ixx. (1875) p. 264-268. 

t Ibid. vol. xxxiii. (1878) p. 692. This dolerite, in its platy structure, so 
closely resembles a phonolite, that from my examination in the field I was erro- 
neously led to class it with those rocks. 
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§ 3. Mx2nSRAI.S OP WHICH THE IloCKS ARK BUILT X^P. 

As the species of minerals, and the different varieties of those 
spedes, are the same in the peridotites as in the doleritos and gab- 
bros of the Inner Hebrides, it will be necessary to give a detailed 
acQonnt of them in the present memoir, the discussion serving not 
only for the ultrabasic, but also for the basic rocks, which will be 
described in a subsequent communication. 

Much confusion has been introduced into petrographical literature, 
in consequence of all the characters presented by minerals being 
treated as if they had precisely the same significance. But while 
some of the characters of the rock -forming minerals arc original 
and essential, others are, as certainly, secondary and accidental. 
Moreover, the minerals, since their first crystallization, may have 
undergone several series of changes totally dissimilar in kind, and 
resulting from causes altogether different. It therefore becomes 
necessarj’ to distinguish uot only tlic secondary from the original 
characters, but to assign each of the secondary characters to its 
proper cause. This is the ta<k which 1 have endeavoured to j)er- 
form in the case of each of the miiMTuls which go to build uj) the 
rocks now under discussion. 

It will, 1 think, conduce to cleaimess, if 1 indicate at tho outset 
what appear to have been the original perailiarities of the several 
minerals in those rocks, and show what wen* their j)hysical jiroper- 
ties and chemical composition in tlieir unnlien^f condition. I shall 
then proceed to describe the changes which, in certain situations, 
they are found to have undergone, and to discuss the cause of these 
changes. 

The Felspars , — riagioclase felspar, which constitutes one half, or 
even more than one half, of some of the gahhros, and is eipially 
abundant in the eucriies and in the troctolites, becomes so rare in 
many of tho peridotites that it can no longer ho regarded as an 
essential constituent of them. But, as already stated, we find every 
possible gradation from the most highly felspathic rocks to others 
in which the felspar entirely disappears. 

The ciy^stals of tho felspars vary greatly in size ; soinx'times the 
gabbros are fine-grained, almost compact rocks; at other times they 
are built up of crystals of groat size, up to one or two inches in 
length. As a rule, the most coarsely crystalline varieties are found 
in the centre of the largest intrusive masses, like those of SkyC and 
Ardnaraurchan. In the case of these largo masses, tho tint and 
play of colours in some of the felspar- crystals suggest that they are 
labradorite, and they were rcc(»gnized as such by Macculloch as long 
ago as 1819 

The tests of specific gravity, of fusibility, of tin* flame-rcaction of 
Szabd, and of the extinction-angle, as suggested by Levy and Foiniue, 
all point to the conclusion that these felspars are, in chemical com- 
position, intormediate between labradorite and anorthito, in some 
cases approaching the former, in other cases the latter species. Such 

♦ A Pescription of the Western Isles of Scotland, vol. i. p. 413. 
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analyses as have been made of these felspars entirely support this 
conclusion. These analyses are as follows : — 


Felspars of Gabhros of the Western 
Ireland, 

Islesj and the North 

of 


I. 

11. 

in. 

IV. 

Silica 

53-60 

50*811 

49*155 

45*87 

Alumina 

29*88 

29480 

29*620 

34*73 

Ferric oxide .... 

0*22 

0*252 

1-162 


Lime 

11*02 

12*690 

15*309 

17*10 

Maraesia 

Soda 

0*07 

0*124 

0*911 

1*66 

4*92 

3922 

2*914 


Potash 

0*80 

0*552 

0*695 


Water 

0*48 

2*481 

0*730 



100*99 

100*312 

100*486 

99*25 


I. Is from Loch Scavaig, Skye. Analysis by Dr. Haughton, 
Dubl. Quart. Journ. Sci. vol. v. (1865) p. 94. 

(The iron has been calculated as ferric oxide, so as to correspond 
with the other analyses.) 

II. Is also from Loch Scavaig, Skye. Analysis by Dr. Heddle of* 
specimen, consisting of a large crystal, bluish grey in colour, and 
finely striated; specific gravity 2*715. Trans. Roy. Soc. Edinb, 
vol. xxviii. (1879) p. 258. 

III. Is from Hart o’ Corry in the Cuchullin Hills, Skye. Ana- 
lysis by Dr. Heddle of a specimen of an unstriated variety occurring 
in granules. Trans. Roy. Soc. Edinb. vol. xxviii. (1879) p. 253. 

IV. Felspar from the Carlingford Mountain, County Down : by 
Dr. Haughton. Phil. Mag. ser. iv. vol. xix. (1860) p. 13. 

While I. agrees very fairly with the analyses of typical labrado- 
rites. III. approaches very closely in composition to anorthite, and 
IV. is a perfectly typical anorthite ; in II. the proportions of lime 
and soda are intermediate between those characterizing the two 
species. 

The presence of water, ferric oxide, and magnesia, indicates that 
the felspar of these rocks has undergone a certain amount of altera- 
tion, the nature and cause of which will be discussed in the sequel. 

When studied by the aid of the microscope, these felspars but 
rarely, so far as I have observed, exhibit examples of zoned structure. 
Occasionally, however, we find evidence that the crystals are built 
up of intergrowths of two different species of felspar — the well- 
known “ perthil e-structure ” being produced. In the great majority 
of cases, however, the optical uniformity of the crystals, when viewed 
by polarized light, indicates that we are dealing with a homogeneous 
substance, with definite optical constants, a result in harmony with 
those obtained by Max Schuster 

Some of the felspars in these rocks exhibit in the most striking 
manner the twin lamellae, which become very conspicuous when the 
sections are viewed with the polariscope. But while certain crystals 
* Tsohermak’s Min Petr. Mitth. vol. iii. (1880) p. 117. 
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Usphy tiite stmetare in its most complete development, others are 
quite destitute of it, and others, again, exhibit it in irregular and 
interrupted portions of their mass. 

At one time the presence of lamellar twinning was regarded by 
petrographers as an essential characteristic of the plagioclase felspars, 
and when untwinned or simply-twinned felspar-crystals were met 
with, even in the most basic rocks, they were referred to ortho- 
dase. But this view has now been generally abandoned, and the 
late Dr. G. Hawes * has demonstrated that the most typical oligo- 
clases, andesines, labradorites, and anorthites sometimes present no 
trace whatever of lamellar twinning. 

Much new light has been thrown by recent researches on the 
manner in which twin lamellm may be produced in crystals ; and the 
results of these investigations are worthy of the most careful con- 
sideration by the petrographer and geologist. 

As long ago as 1851), it was shown by Pfaff that remarkable 
changes are induced in the optical properties of cakite when its 
crystals are subjected to pressure t: and in 18G7 Prof. E. Keusch 
demonstrated that by presMire applied in certain directions to these 
crystals a definite lamellar twinning could be developed in them t. 
In 1879 Baumhauer showed that the pressure necessary to bring 
about this twin structure could be applied by simply forcing the 
edge of a knife-blade in a certain direction into the crystal §, and 
this conclusion was confirmed by the observations of Brezina ||. 

Now calcite crystals, when freely doveloiHjd, may attain the 
largest dimensions without betraying any trace of this lamellar 
twinning, as is seen in the case of ordinary Iceland-spar. But the 
great majority of rock-forming calcite-erystals, even when of the 
smallest size, like those occurring in crystalline limestones and 
dolomites, for instance, exhibit this lamellar twinning in the most 
striking manner, 

8imilar lamellar twinning is exhibited by many rock-forming 
minerals, such as leucite, garnet, boracite, &c., and has led to many 
speculations concerning the possibility of these crystals being re- 
garded, not as the simple forms to which they were first referred, 
but as examples of very complicated structures builfc up by polysyn- 
thetic twinning and belonging to a lower order of symmetry. 

But certain recent investigations have thrown a new and unex- 
pected light on this most interesting question. Mallard has shown 
that boracite loses its twin lamellae when the crystals are heated to 
the temperature at which they were originally formed Merian 
has proved that tridymite becomes optically hexagonal at high 

* Proc. National Mua. 1881, pp. 134-130. See Smithson. Miacell. Collect, 
vol. xxii. 

t Fogg. Ann. vol. oni (1859) pp. 333-338. 

t Fogg, Ann. vol. cxxxiL (1867) ; ibid. cxli. (1872) ; aUo Proc. Boy. Soc. 
Edinb. vol. vi. (1869) p. 136. 

i Zeitschr. Kryst. vol. iii. (1879) p. 588. 

J7Ad. vol. iv. (1880) p. 518. 

Bull. Soc. Min. de France, vol. v. (1882) p. 144. 
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temperatures * ; and, finally, Klein has demonstrated that leudte 
loses its twin lamellss, and exhibits the isotropism of cubic crystals 
at a very high temperature t. 

The conclusion to which all these interesting results point is, that 
the properties of a crystal formed at any given temperature may be 
greatly modified when that temperature is altered. Thus leucite, 
while contracting in cooling from the temperature at which it was 
originally formed, becomes subjected to internal stresses and strains, 
resulting in lamellar twinning, and even in that alteration of the 
angular measures of the crystal so long ago pointed out by Vom Bath. 

Such being the case, the question which cannot fail to present itself 
to petrographers is ; May not the twin-lamellae of the plagioclase 
felspars, like the similar structure in calcite, be not an original and 
necessary character of the crystals, but one developed in them by 
pressure or strain ? 

There are not a few facts which support the hypothesis we have 
just enunciated. Lamellar twinning is often altogether absent, as 
we have already seen, in plagioclase felspars ; and in the case of the 
rocks we are now studying, such untwinned plagioclase crystals are 
especially found in certain veins. In other cases the lamellar twin- 
ning is found affecting certain portions of the crystal only, and in 
the most conspicuous manner. The twin-lamellae, too, often stop 
suddenly, or are replaced by narrower and more numerous, or 
broader and less numerous ones, as is the case with lamellae arti- 
ficially produced in calcite. Like the twin-lamellae in the rock- 
forming calcite also, those of plagioclase-felspar are sometimes bent 
in the most remarkable manner. Bometimes the same crystal is 
found exhibiting two series of lamellar twinnings intersecting one 
another, as is also tho case with calcite. Perhaps the most striking 
and significant circumstance of ail is that where a felspar -crystal is 
seen to be bent or compressed between other crystals in a rock, 
the part of the crystal so affected will be traversed by twin-lamellae, 
from which other parts of the crystal may he altogether free 

That the tendency to that peculiar disposition of molecules which 
constitutes lamellar twinning must exist from the first both in 
calcite and in plagioclase felspars is, of course, freely admitted ; but 
the rearrangement of these molecules in obedience to certain laws 
seems to be determined by the application to them of external 
mechanical forces. In great, slowly-cooling masses of rock, like 
those in the centre of volcanic cones, composed of minerals having 
different coefficients of expansion, not only in different crystals but 
along different directions in the same crystal, we have forces at 
work competent to produce those strains and stresses which have 
been proved to be capable of inducing such a rearrangement of the 

* Neues Jahrb. fur Min. &c, 1884, i. p. 193. 
t Nachrichten der Kon. Ges. d. Wiss. Gottingen, May 1884. 
t Admirable illustrations of some of these appearances will be found in 
Oonen’a ^Sammlung von Mikrophotographien zur VeranBohaulichung der 
mikroskopisohen Struotur yon Mineralien und Gesteinen,' taf. xxx. 2, 3, Ixzv. 

1, 2, 4. we also xxzi. 1, 4, and xxx. 4. 
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moleculefi ; and all the appoaranoes presented by the lamellar 
twinning of these felspars seem to me to be much more in harmony 
with the view that it is so induced than with the supposition that 
the structure is an original one. 

With respect to the period at which these twin -lamellae were 
developed in the crystals of plagioclase felspar, there is every reason 
to believe that during the cooling-down of the crystals from the 
high temperature at which they were developed, lUiiny such struc- 
tures would arise : for they are found alike in the felspars of arti- 
ficially-formed rocks and in those of driisy cavities and open veins. 
But the more carefully the j>ositions and relations of these twdn- 
lamellse are studied, the more clearly does it become apparent that 
external causes, such as the pressure of adjoining cr 5 ’stals and the 
other accidents to which they have been subjected siuee their first 
formation, have played no inconsiderable })art in ])ringing about the 
final result. In PL X. fig. 1, a crystal of felspar is represented, 
which admirably illustrates these conclusions. 

[At the time when this paper wa*' read I was not aware of the 
important series of oxjieriineiits which had been carried on by Iterr 
Forstner, and which are described in tht* Z(‘itschr. fur Krystali. &c., 
vol. ix. (1SS4) p. 333. Forstner took jdates of the untwinned 
plagioclase felspar of the rock from Pantcdlaria wliich he has de- 
scribed, and by heating them to various temp(Tatun‘s and cooling 
them again, he succeeded in develoj)ing the twin-la inelhv, and even 
in producing reentering angles on the edges of th(‘ plates similar to 
those which have been artiticially produced in fragments of calcite. 
These ex[)erimonts prove conclusively that the twin-lamellm of 
plagioclase felspar cem he developed by the application of mechanical 
force ; and that they are constantly so produced in rock-masses, 1 
have in the foregoing pages given reasons for concluding. ] 

TJie Pyroxenes , — There has been a very great contiict of opinion 
concerning the j)yroxene8 in the galibros of the Western Isles of 
Scotland. Macculloch, while rightly identifying the pyroxene in 
the great mass of these rocks as augite, stated that hyperstheno 
occurs in the Cuchullin Hills of Skye, in Ardnamurclian, and at one 
point in the island of Hum In these statements ho wtis perfectly 
correct, but in going farther and describing the rock-masses of the 
Cuchullin Hills and the western parts of Ardiiamiirchan as 
hypersthcne-rock, Macculloch fell into an error ; for in all these 
rocks, as was pointed out by Zirkel, the predominant pyroxene is 
diallago, the foliated form of augite, and not hyperslhenc. We 
shall show, however, that augite frequently occurs in these rocks in 
an altered form, which so curiously mimics the colour, lustre, and 
general appearance of hyperstheno that Macculloch’s error was a 
very natural and pardonable one. 

Bescloiseaux’s researches in 1862 showed that the pyroxenes can 
be divided into two groups, those in which lime is the predominant 
base, crystallizing in the monoclinic system — the augites — and those 

* A Description of the Western Isles of Scotland, vol. i. pp. ;}85, 390, 
413, 503. 
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in which magnesia is the principal base, crj'stallizingin the rhombic 
system — ^the enstatites. Both of these classes of pyroxene are 
represented in the basic rocks of the Western Isles of Scotland ; bnt 
the augites occur by far the most abundantly. 

In both the monoclinic and the rhombic pyroxenes we find a 
series of varieties differing from one another by the proportion of 
iron which they contain. The highly ferriferous varieties of both 
minerals occur, however, most commonly in these rocks. 

The augites are occasionally represented by varieties which ap- 
pear bright green by reflected, and pale green by ti ansmitted light, 
buch forms, which resemble diopside, occur at several points in 
the island of Mull, especially in Glen More, and at other points 
near Carsaig. In the island of Hum, on the flanks and summits of 
the mountains of Halival, Haiskeval, and Tralival, this green augite 
is remarkable for the absence of regular crystalline forms and of 
cleavage-cracks ; it often occurs in more or less rounded and 
irregular grains resembling coccolite. 

This green augite (diopside) of Halival, which was mistaken by 
Jameson for pitchstouo, has been anal}7cd by Dr. Heddle*, and his 
analj’sis gives us a good idea of the composition of the least 
ferriferous varieties of the augite of these rocks. The percentage 
of alumina indicates that it lies on the border line between the 
aluminous and the noii-aluminous augites ; chromium does not 
appear to have been specially sought for, but these bright green 
augites greatly resemble the chrome-diopsides of the Iherzolites. 


Silica 50-537 

Alumina 3*348 

Ferric oxide 1*338 

Ferrous oxide 4*423 

Manganous oxide 0*230 

Lime 21*419 

Magnesia 17*050 

Potash 0*252 

Soda 0*530 

Water 0*706 


99*833 

In the great majority of these rocks, however, the augite is of a 
black colour by reflected light, and when viewed in thin sections 
exhibits various tints from light to dark brown. 

Although no analyses have been made of these black augites of the 
Scottish gabbros in their unaltered condition, yet the following ana- 
lyses of the forms which have undergone the curious redistribution 
of their materials described in this paper will no doubt serve to show 
the general proportions of the several bases in different varieties, 

* Trans. Roy. Soc. £dinb. vol. xwiii. (1879) p. 478. 
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I. Analysis by Heddle of an altered diallagic augite of green colour, specific 
gravity 3*329, from Hart o* Corrv, Cuchullin Hills, Skye (Trans. Roy. Soc. Kdin. 
Tol. xxviii. (1879) p. 479). 

II. Analysis by Haughton of augite from Loch Scavaig, Skye (Dublin Quart, 
Journ. Geol. Soc. vol. v. (1865) p. 95). 

III. Analysis by Heddle of greyish green altered diallagie augite from 
Oonr na Creech, in the CuehuUin Hills, Sk\e, sp. gr. 3 329 {loc. cit.). 

TV. Analysis by He<ldle of brownish -green diallagic augite from Drum-na- 
Rabn, in the C’uehullin Hills, Skye, sp gr. 3 335. 

V. Analysis by Voni Rath of diallage from Skye: see Ramnielsberg, Hand- 
bucb der Miiieralehetnie, Ist ed. (lfe()0) p 465. 

VI. Analysis by Heddle of dark-green diallagic augite from Ijoch Scavaig, 
Skye, specific gravity 3 321 {loc. at.). (Iron estimated us ferrous oxide.) 

These analyses show that the black augite, which is the most 
common constituent of the gabbros of the Western Isles has 
a proportion of ferrous oxide, varying from 9 to 14 per cent., while 
that of the green variety is only about 5 per cent. The lime 
averages 20 per cent. ; but the proportions of alumina and magnesia 
are somewhat variable. The black varieties occur usually in crystals, 
which are sometimes of large size ; the green varieties also form 
similar cr}'8tal8 but sometimes occur in more or less rounded grains. 

The rhombic pyroxenes are very frequently present in these rocks, 
but are in almost all cases subordinate to the monoclinic forms. 
Owing to the confusion which has arisen with respect to the former 
group of minerals, it will be neccasary to discuss at some length the 
question of the varieties which they present in the Western Isles of 
Scotland. The minerals belonging to the group of the rhombic 
pyroxenes which were first made known by mineralogists, and were 
described under the names of hypersthene (paulite), bronzite, diacla> 
site, and hastite, are all, as we shall show hereafter, in a more or 
less altered condition — the rhombic pyroxenes being remarkably 
subject to changes of several different kinds. But in the year 1 Sf55 
Kengott discovered an unaltered mineral of the group, to which he 
gave the name of enstatite and in 1862 Descloiseaux demonstrated 
that it ciystallizes in the rhombic system f. Shortly after this period 
other forms of unaltered rhombic pyroxenes were discovered — proto- 
bastite by Strong meteoric enstatite by Rammelberg § and Story- 

♦ Sitzungsb. Akad. Wien, vol. xvi, (1855) 162. 
t Bull. Soc. Geol. Fr. ser. 3, vol. xxi. p. 135. 
t Keuee Jahrb. fiir Min. Ac. 1862, p. 613. 

) Monataber. d. Akad. Berl. 1861. 
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Maskelyne^ * amblyategite by Yom Bath t, and a similar mineral 
from Mont Dore by Descloiseanxt. 

The minerals found in an unaltered form at these different 
localities were at first regarded as being excessively rare. But in 
1879 Prof. Eouqu^ showed that the lavas of Santorin contain in 
great abundance an unaltered rhombic pyroxene which he referred 
to hypersthene §. In 1883, Mr. Whitman Cross demonstrated the 
existence and wide distribution of a large and important class of 
lavas, distinguished by the presence in them of a rhombic pyroxene 
which he also referred to hypersthene \\ . In the same year Mr. Teall 
and Dr. Petersen pointed out that certain British rocks firom the 
Cheviot Hills contain the same rhombic pyroxene If, and these, 
as shown by the former author, are of especial interest as being 
of pre-Tertiary age. Subsequent observations have shown these 
rhombic pyroxenes to be among the most widely distributed of the 
rock-forming minerals. Much attention was directed to them as 
constituting an important constituent of the pumice thrown out by 
Krakatoa during its last great eruption ; and they have been found 
in the lavas of South America, Java and Sumatra, Japan, the 
Philippine Islands, and many other volcanic districts. 

Nor are the rhombic pyroxenes less common among the plutonic 
than among the volcanic rocks. In the Schemnitz district the Ter- 
tiary diorites and quartz-diorites** frequently contain a considerable 
proportion of the rhombic pyroxene, which, as in the associated 
Lavas, has been generally confounded with the hornblende. Teller 
and Von John have described an interesting series of rocks of the 
same class from the Tyrol f't, and the diorite of Penmaenmawr has 
been shown by Kosenbusch and others to be an cnstatite-diabasej 

The rhombic pyroxenes are bisilicates of magnesia and iron 
(MgO, EeO) SiOj, in which the relative proportions of magnesia and 
iron may vary to almost any extent. Lime is often almost wholly 
absent, but appears to be capable of replacing, perhaps to a limited 
extent, the other bases. 

It is well known that the colour, the physical properties, and the 
optical constants of varieties of the augites, the micas, and other 
similar groups, are modified in the most remarkable manner by the 
quantity of ferrous oxide or other bases in their composition. But 
in the group of the rhombic pyroxenes the variations in character 
dependent on composition are of the most extreme kind. 

At one end of the series we have enstatite proper, a colourless 
mineral without trace of dichroism ; but as the magnesia is replaced 

♦ Trans. Boy. Soc. vol. clx. p. 204. t Poggend. Ann, (1869), czxxviii. 631. 

t Manuel de Mni^ralogie, tome. li. (1874) p. xviii. 

§ Santorin et sea Eruptions (Paris : 1879). 

II Bull. U. S. Geol. Survey, no. i. 

T Geol. Mag. Dec. ii. vol. x. (1883) p. 340. J. Petersen, Mikroskopitohe 
und chemisohe Untersuchungen am Enstatit-Porphynt aus den Cheviot Hills. 
(Kiel, 1884). 

See Quart. Joum. Geol. Soc. vol. xxxii. (1876) pp. 292-826. 

tt Jahrb. k-k. geol. Reichsanst vol. xxxii. (1882) pp. 589-684. 

f f Die masBigen Gksteine, p. 352. 
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to a greater extent by ferrous oxide, the mineral becomes of a more 
and more pronounced brown tint with marked pleochroism. With 
the highest percentage of iron the mineral assumes a very dark 
colour, and when examined in thin sections exhibits the most 
startling pleochroism («, brilliant red ; />, duller red ; r, bright 
green). 

There has arisen much confusion as to the names which should 
he given to the difterent varieties of the rhombic pyroxenes. Most 
autWs call the non-ferriferons varieties “ (‘iistatite/' the more 
ferriferous kinds hronzito/' and still more highly ferriferous forms 

hypersthene.” Tsehermak has proposed that >arietie8 with less 
than 5 per cent, of ferrous oxide should be called enstatite, those with 
between 6 and 15 per cent, hronzite, and those with more than 15 
per cent, hyporsthene *. The strict application of this rule would, 
however, necessitate a chemical analysis in each case before the 
species or variety could he determined. 

As a matter of fact, no two petrographers are agreed as to the 
limits between enstatite and hronzite, and between the latter mineral 
and h5’perstheno. Thus the mineral of tho andesite of the Cheviot 
Hills, regarded by Mr, Teall as hyperstlicne, is, by Dr. Petersen, 
who carried on his investigations in Prof. Rosenhusch's laboratory, 
classed as hronzite t. The similar mineral found in the pumice of 
Krakatoa is called hypersthene hv many authors and hronzite by 
others. The minerals classed as enstatite, hronzite, and hyi>ersthcri0 
respectively by Rammelsberg^ do not conform to the rule laid 
down by Tsehermak as to the chemical composition of these varieties. 

The gabbros and peridotites of the W estern Isles of Scotland 
contain all the varieties of the enstatite group, in both their altered 
and their unaltered forms ; and these permit a careful study of the 
whole series of minerals. Through the replacement, to a vary ing 
extent, of a part of the raagne.sia by ferrous oxide, very distinct 
varieties are produced ; Imt, inasmuch as the crystalline form remains 
the same, it will be convenient to treat the rhombic pyroxenes like 
the moil oclinic pyroxenes augites and give them a common 
name. 1 think there can be no doubt that tho common name for 
these rhombic pyroxenes should he enstatite,'’ for tliis Wfis tho 
first unaltered rhombic jiyroxeno which was detected and described 
by mineralogists. I believe that this is also the view taken by 
Prof. Rosenbusch. 

As, however, the variation in the relative proportions of magnesia 
and ferrous oxides in these minerals loads to such startling differences 
in their appearance and optical pro])ertics, it may be necessary to 
use a number of varietal names — like those employed in the case 
of the monoclinic pyroxenes — diopside, common augite, and heden- 
bergite. 

As the enstatites were till quite recent years entirely unknown to 
mineralogists in their unaltered forms, a difficulty arises in selecting 

♦ Tsehermak, ‘Lehrbueh der Mineralogie ’ (1884), p. 436. 

t See Geol. Mag. Dec iii. voL i. (1884) p. 227. 

} Handbuch dcr Mineralcliemie, 2nd ed. 1875, pp. 382-385. 
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appropriate names by which to designate the several varieties. 
The modihcations of the ferriferous enstatites known as bronzite and 
hypersthene (paulite) respectivelj", are, as I shall show hereafter, 
alteration-products, and the structures which characterize them are 
by no means rigidly confined to v arieties of a particular chemical 
composition. 

The unaltered crystals of the rhombic pyroxenes differ so strikingly 
in their appearance and oi)tical properties from those of the same 
composition in an altered state, that it is misleading to designate 
them by the same varietal name. Possibly the difficulty may be 
got over by following the example set by Strong in the case of 
bastitc, and calling the unaltered forms of the minerals bronzite 
and hypersthene respectively proto-bronzite and proto-hypersthene. 
Accepting also the ordinary convention, that the name bronzite 
belongs to the less ferriferous, and the name hypersthene to the 
most ferriferous varieties, we may then perhaps indicate the chief 
types of the unaltered rhombic pjroxenes as follows : — 

(1) Nou-ferriferous enstatitc (enstatite proper) containing less 
than 5 per cent, of ferrous oxide. A colourless or nearly colourless 
mineral destitute of pleochroism. Hardness 5 to 5*5. Specific 
gravity 3‘1 to 3*2. 

(2) Ferriferous enstatite (proto-bronzite). With a percentage 
of ferrous oxide ranging from 5 to 15. Pale coloured, with feeble 
pleochroism. Hardness about 5*5. Specific gravity 3*2 to 3*3. 

(3) Highly torriferous enstatite (proto-hypersthene). With a 
percentage ol ferrous oxide ranging from 15 to 25. Darker coloured, 
with strong pleochroism. Hardness about 6. Specific gravity 3*3 
to 3*4. 

(4) Excessively ferriferous enstatite (amblystegite). W^ith a 
percentage of ferrous oxide ranging from 25 to 35. Dark coloured, 
with intense pleochioism (colours from deep red to vivid blue-green). 
Hardness 6 to 7. Specific gravity 3*4 to 3*5. 

While the crystalline forms and the goniomctric measurements 
show no differences in these several varieties, the positions of the 
optic axes and other characters undergo great modifications ac- 
cording to their chemical composition. 

The last named of these varieties of the enstatite group has not 
received the attention which it deserves. I have recently found 
that it occurs by no means rarely as a rock-constituent. Not only 
is it found, both in its unaltered and in its altered state, in the 
gabbros of the "Western Isles of Scotland, but it occurs in the Newer 
Palajozoic lavas of Forfarshire and in the diorites of western 
Sutherland *. It is a wddely distributed mineral, for I have found 
it in rocks from Norway, Saxony, southern India, western Africa, 
and the Solomon Islands, forming an im])ortant constituent of 
gabbros, diorites, quartz-diorites, andesites, and certain interesting 
ultra-basic rocks, while it appears to be almost always present, 

* [I am indebted to my friend Mr. Teall for calling my attention, since 
the reading of this paper, to the rocks of this and several other localities in 
which the mineral in question occurs.] 
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oometames in oonsiderable quantities, in the so-eallod triip-grannlites, 
the diellage-granulites, and other similar rocks all over the globe, 
Bie andyses which have been made of those excessivt'ly ferriferous 
enstatites are as follows : — 



I. 

II. 

IIL 

Bilioa 

49*80 

48-2 

51*S48 

Alumina 

5*05 



Ferrous oxide 

25*60 

28*4 

53*924 

Manganous oxide ... 


6*2 


Magnesia 

17*70 

16*7 

n-os2 

lame 

0*15 

1*5 

1-836 

Water 



0-500 


98-aO 

KKH) 

98-700 


I. Ifl the analysis by Torn Rath of the orifrinai “ amblystogite ” of the Laacher 
See. (Pogg. Alin, cxixviii. (18(19), p. f»31.) 

XL is an analysis by Laurent of toe dark <colou red enstatite found in caTities 
of a rock enclosed in the trachyte' of the Rocher du Capiicin, Mont Bore, 
quoted by Descloiseaux (Manuel de Mineralrjgie, tome ii. p. xviii.). 

III. Is tile analysis of the alten?d form of the same mineral, which will be 
referred to hereafter as occurring at Loch Coruiskh, in Skye. The analysis was 
made by Muir and published by Thomson (‘Outlines of Mineralogy/ 2nd ed. 
(1822), Tol, i, p. 202. 

Although Prof, Vom Hath withdrew his name of “ amblystegite ” 
when he found from Von Long’s rosearchos that all the jilanes of 
its crystals were represented in the enstatite of the lireitenbach 
meteorite *, yet if it be necessary to have a varie tal name for these 
excessively ferriferous and strongly pleochroic enstatites, it would 
seem desirable to revive this term rather than to invent a new one. 
The amblystegitcs differ from the ordinary hypersthenes in their 
unaltered state (proto-hypersthenes) quite as strikingly as do the 
latter minerals from the unaltered bronzites (proto-bronzites), or as 
these last do from the enstatites projicr. In microscopic sections of 
rocks the wonderfully vivid pleochroism, which gives ri.se to colours 
varying from a rich garnet red to a vivid blue- green, is its most 
striking characteristic, and serves to distinguish it from all other 
rock-forming minerals. The only other rhombic mineral with 
characters which at all approach it is andalusite ; but in practice the 
distinction of these two minerals is perfectly easy. 

Among the remarkably fresh minerals of the Tertiaiy^ gabbros and 
peridotites it is possible to recognize all the varieties of the enstatite 
group. 

In the island of Rum, we find a perfectly colourless rhombic 
pyroxene, occurring in irregular grains with a colourless olivino 
and the brilliant green diopside already described. In its perfectly 
fresh condition this enstatite can only be discriminated from olivine, 
also a rhombic mineral, with the greatest difficulty. The fine 
atriation relied upon for the distinction of the two species is a 


* Keues Jahrb. fur Min. Ac. 1871, p. 642. 
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result of alteration, and is not found in perfectly fresh forms of the 
mineral. In some cases I have only been able to verify the presence 
of enstatite by a micrcM^hemical method. In thin slices and in the 
powder of the rock the olivine is attacked by long digestion in strong 
hydrochloric acid, while the enstatite remains unchanged. 

In other districts of the Western Isles of Scotland we find more 
ferriferous varieties of enstatite which must be referred to proto- 
bronzite and proto-hypersthene. Usually, these are in a more or less 
altered condition. In very few cases, so far as I have seen, is 
the enstatite the principal pyroxenic constituent of the rock, but it 
is subordinate to the augite. In small patches of these rocks, how- 
ever, the augito may become subordinate to the enstatite, while 
occasionally the former mineral may be altogether wanting, the rock 
thus passing into a norite or hypersthenite. 

Occasionally the dark colour of the mineral, when seen in the 
thinnest sections by transmitted light, and its strikingly vivid pleo- 
chroism, indicate that wo are dealing with the excessively pleochroic 
enstatite, amblystegite (see PI. XI. fig. 7). That Macculloch was 
acquainted with the altered forms of the enstatite in these rocks, 
I have the clearest evidence. A specimen given by Macculloch 
to the late Mr. Majeudio passed into the hands of Mr. Warington 
Smyth, and by him was jdaced in the collection of the Xormal 
School of Science and Iloyal School of Mines. An examination of 
the optical properties of this specimen shows it to be a rhombic 
and not a monoclinic pyroxene. 

Intergrowths of the monoclinic and rhombic pyroxenes occur not 
unfrequently in the gabbros and peridotites of the Western Isles of 
Scotland, and crystals of the one mineral are sometimes found 
enclosed in the other. I have not, however, detected examples of 
the t win-intergrowths of the two minerals described by Trippke 

The Olivines of the gabbros and peridotites of the Western Isles 
of Scotland appear, like the associated augites and enstalites,to belong, 
in some cases, to the most highly ferriferous varieties. Seen in 
ihin sections under the microscope, these olivines are often found 
to be by no means colourless, like most of the olivine of basalts, 
but exhibit a yoUow tint similar to, but not so intense as, the 
tint of the faj^alite in eulysite. Such deep-coloured olivines are 
abundant in the Shiant Isles. 

Some of the olivines of these rocks are perfectly fresh and un- 
wcathered, but occasionally the mineral shows incipient traces of 
serpentinization along its cracks. Occasionallj^ another kind of 
change has taken place resulting in the mineral acquiring a yellow 
tint along its fissures, which causes it to assume the colour and 
aspect of chondrodite. t^imilarly altered forms of olivine from the 
Kaiscrstiihl have received the names of “ chusite ” and “ limbelite 

An analysis of this curiously altered olivine from the summit of 
Halival in the island of Rum, was made by Dr. Heddle and is as 
follows t (its specific gravity was found to be 3’327): — 

* Neues Jahrb. fur Min. &c. 1878, p. 073. 
t Mineralogical Magazine, vol. v. (1884) p. 10. 

Q.J.G.S. No. 163. 2j) 
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Silica 

Alumina ()*: 

Ferric ox ido L* !' 53 

Ferrous oxide K^-7'>3 


ilanfrauous oxide O l'K» 

Linu* ’♦> 

Ma^rnosia :{s-o<»n 

Water 1"»'7 

IMeji ir» 

This analysis indicates a vor} lerriferous idivim* ij>pn) idlin'^ in 
composition to the variety known as h) tilositlmtc. 

The Spiihllifh, — Amon**: the es.scnti-il niin(‘rals ot ilicv^ rocks arc 
the minerals which have been frroupcd h\ Fou(|in‘ and J,^^'y under 
the convenient name of the sjiincllid>, nain('l\ niairiictite, chromite, 
and picotite. These minerals, a\ hidi are isomorphons, ha\e now 
been shown to pass into one another, by iriM'n.sihh* gradations as the 
pro]X)rtion of chromic acid ^ari<s*^. The first is opacjue, tlie two 
others more or less translucent and ol a brown colour. Mufcne- 
tite is the mineral which is usually found in the gabbros ; chromite 
and picotite in the peridotites. 

It may be mentioned that, as has been proved by Dr. Hodgkinson, 
of the Normal School of Science, all these rocks contain cop|)er. 
It is probable that nickel and cobalt are also {iresent in varying 
quantities, as well as chromium, mangane.se and iron ; hut in 
ordinary analyses no attempt is made to isolate the oxides of those 
metals. 

Biotite — represented usually by a higlily ferriferous and very 
dichroic variety, is among the most common of the accessory minerals 
of these rocks ; in some cases it bccom(*s so abundant as to deseive 
to bo regarded as an essential constituent of the rock. 

Metallic Iron, — By the employment of Prof. Andrew^ method, 
Mr. J. T. Buchanan hiis succeeded in proving that some of the iron 
in the gabbros of the Western Isles of Scotland is in a mettiUic 
condition. 

§ 4. TiIK (!uAXGE8 WHKII TUK MiNKUALS ok TIUIHI: ItoCKS HAVE 
UNDERGONE AT (iREAT DkCTUS I'ROM THE SuilFAf’E. 

The great intrusive masses of the West of Scotland are of especial 
interest to geologists, inasmuch as tliey aflord us an opjiortiinity of 
studying the conditions assumtd By the same minerals under 
varying conditions of depth and pressure. 

The intrusions of basic rocks iu Mull, Ardnaumreban, Rum, and 
Skye were originally of very differeut diimaisions, those of Skye and 
Ardnamurchan being the largest, that of Mull coining next in size, 

* Beoarcl, Rep. Voyage ll.M.S. ‘ Challengor,’ vol. ii , ]Varniti\c, “On the 
Petrology of the Rockn of St. Paul,” p. 10; Wadsworth, Meru. Muh. Comp. 
2Sool. Harvard, vol. xi. (1884) p. 176. 
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whilo that of Hum is the smallest among the principal volcanic 
centres. Of still smaller intrusive masses, however, we have 
mail} examples, among which may be specially mentioned those of 
Sar.sta Beinn in Mull, and the Shiant Isles, north of Skye. 

These intrusive masses ate fully exposed to our study, even their 
central portions being laid bare by denudation; and the results 
obtained by a comparative study, by the aid of the microscope, of 
examples derived from corresponding portions of masses of different 
size and of different portions of same mass, are of very great 
interest. 

If my interpretation of the geological structure of the district be 
correct, it is a necessary inference that while the rocks of the Cuchullin 
Hills of Skye about Loch Coruiskh, and those forming the western 
extremity of Ardiiamurchan, once existed at a great depth from the 
surface of the volcanoes of which tliey formed a part, the similar rocks 
forming the mountain masses of Mull and Hum existed at a smaller 
depth and under less pressure. Noav I shall show that the several 
minerals of these rocks, when they have formed parts of masses at 
great depths from the original surface, often exhibit very striking 
and suggestive differences in their characters from those which 
have existed at smaller depth.s. 

It will further bo demonstrated that a precisely similar series of 
differences can bo traced when the several minerals are followed 
from the more superficial to tho more profound portions of each 
intrusive mass. 

We shall describe minutely these changes in the case of each of 
the minerals forming these rocks In these Tertiary rocks the 
question is fortunately not complicated or obscured by alterations 
which have been set up ))y weathering action ; for, as a rule, the 
minerals are strikingly fresh and unaltered. 

The Felspars . — The felspars of the more superficial portions of the 
intrusive masses, and also those in the smaller intrusions and 
apophyses, are usually remarkable for their strikingly clear and fresh 
appearance. Under ihe highest powers of the microscope they are 
seen to be traversed by many fine cracks, while a few cavities, some 
of which contain liquids with moving bubbles, are scattered through 
them. In such cases it may perhaps be inferred that the cavities 
were formed during the original development of the crystal, and 
that tho cracks are due to the contraction of tho mass during its 
cooling from its original high temperature. 

In the felspars of rock -masses which wore originally more deeply 
seated, this perfect clearness seems to be quite lost. Cavities, 
some of which contain liquid with spontaneously moving bubbles, 
are present in enormous abundance. Prof. Zirkcl has already re- 
marked on the extraordinary abundance of such enclosures in the 
felspars of the gabbros of Mull*. What is of especial interest 
however, is the fact that those cavities in many cases are seen to lie 
ill fissures, or in bands parallel to fissures, in the crystal, and to 
bo connoctod by minute ramifying tubular processes. In many 
* Zoitsohr. d. deutsoh. geol. Gesell. ^ol• \xiii. (1871) p. 59. 
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cases, where no fissures can l>o dot eel ed, wo find tlu* (jrowdiug of 
cavities along bands similar to tliost* wliioh acconipiuij the actual 
cracks. The explanation Avhioh I would j)r(»po8<' t<‘ account for 
these interesting appearances is as follows . - IN bon any part ol a 
crystal is subjected to abnormal strain (and that sut‘li Htrains, re- 
sulting eventually in the fracture of the crystals, must bo constantly 
set up in rock-masses is evident), then, ncoordiiig to a well-known 
physical principle, solvent action will bo promoted along such bands 
of strain, and cavities containing liquids will be £ 01 * 011 * 11 , Subse- 
quently, and perhaps partly in coiisoquence of the formation of the 
numerous cavities, actual rupture may take place along this band, 
which was first a plane of strain, and which, by the solvent action, 
has been converted into a plane of weakness in the crystal. This 
explanation also accounts for the fact that the same band of cracks 
may be found traversing a numlier of adjacent crystals in a rock. 
Similar facts have been noticed by Vogclsaui:. Kalkowsky, Jullyan, 
Phillips, and other authors (see PL X. fig. 2). 1 11 some cases the 

liquid-enclosures are so numerous that tin* supei'saturated solutions 
in them can bo detected by chemical methods. If a crystal full of 
liquid-enclosures he carefully washed and, aftc‘r being crushed, 
treated with distilled water, the liberated sulphates and clilorides 
will give distinct precipitates with chloride of barium and nitrate of 
silver. In many cases the cnclosunN an* now seen to lx* filled up 
with solid sulistances, a.s was pointed out to he tin* case in the rocks 
of Brittany by Mr. ('. Whitman (Voss ♦ (Tl. X. fig. Ji). 

At still greater doidli.^, as in the rocks of the* (‘uehullin Hills and 
the w’estern extreiiiit} of Ardnamurehaii, a mon* or li‘ss eomjdicated 
avanturine structure is (‘xhilaled by the icls])ar. Minute black rods 
and plates arc s(*t*n to lie <h‘VcIo}»cd along one, two, tlire<*, f(»ur, or 
even more planes wdtliin tin* crystal. Tin* jilanes along w’hieh 
these eiielo>ures arc foimcd jij)])car to be parallel to the macropina- 
coid, the bfach 3 q)inacoid, the two ]irism-taccs and the ])asal plane 
(see PI. X. figs. 4, .*5, 0) : and tin* planc> (‘xhibiting these pecu- 
liarities aj)pear to be aflcetcd in tin* order in w hich w e have named 
them. 

The dimension‘d of tljese bvow^ri rod> and }>lat(‘S. enclosed in the 
felspar crysiMlt,, v.in within very wide* limits. Oeeasioiially the}* 
are sufficiently large to be set 11 ])y tlu* naked eye; usually tli(*y are 
of microscopic dimensions, while they .sometimes require the use of 
the very highest powxTs to discriminate their forms and characters. 

In Ardnarniirchan and Sk}e wx find examjiles of gahbros in 
which the felspars exhibit a brow*n tint, and in thin section the 
colour of the crystals is seen o he due to the exisl(‘ncc of nebulous 
mas.scS of foreign materiaLs distributed iiregularly through them. 
The highest microscopic objectives at my conimimd only just serve 
to partially resolve these nebulous masses into series of rods and 
plates, arranged along certain planes within the crystal, and only 
distinguished from those already described by their smaller dimen- 
sions (see PI. X. fig. 7). 

♦ Mill, und petr. Mitth. vol. iii. (18h0j p. 374. 
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From those inclusions, \\rhich are of such minuteness as only to 
be imperfectly seen with the highest powers of the microscope, it is 
easy to make the transition to others which are absolutely ultra- 
microscopical, but which can be detected by the effect which they 
produce on the light-waves that traverse the crystal. 

In this way we are led to the understanding and interpretation 
of another peculiarity possessed by the felspars in the most deeply 
seated masses, which is especially worthy of notice. Such felspars 
not unfrequently display the cluitotjaut effects so characteristic of 
some of the labradorite from Labrador, while the felspars formed at 
less depths never exhibit this peculiarity. 

According to Breithaupt^ the labradorite exhibiting a play of 
colours has a different density from the varieties without that 
peculiarity ; and Yon Bonsdorf has shown* that while the former has 
a percentage of silica of 57, the latter has one of only 52. 

The researches of Ileusohf, SchraufJ, and many other investigators 
have shown that this ])lay of colours is due to a series of thin plates, 
developed along certain pianos within the crystal. These plates 
appear to be of ultra-microscopical dimensions, but by producing 
interference give rise to the exquisite play of colour exhibited by 
brachy diagonal sections of the crystal when held in certain positions. 
Although it is impossible to trace the structure to which this 
peculiarity is due by means of the microscope, yet the circumstance 
of its being exhibited only in the felspar of deep-seated rocks is of 
great significance when considered in connexion with the other 
phenomena which we have just described. 

By the study of a largo number of examples, it is clearly seen that 
these changes are quite independent of the passage through the 
crystals of water from the surface, which produces kaolinization, and 
sometimes leads to the penetration of serpen tinous and other decom- 
position-products, along lines of fissures into the interior of the felspar 
crystals. These and other important alterations which have been 
superinduced in the fclsi)ar-crystals of these de('p-seated rocks, sub- 
sequently to their original formation, we hope to discuss in a future 
paper. The different changes we have been describing, like the 
analogous ones in the pyroxenes and olivines, are, however, clearly 
related to the depth from the surface at which the rocks were 
originally situated, the greatest change being in every case displayed 
by the most deeply seated rock-masses. 

The Pijroxenes , — Both the monoclinic pyroxenes (augites) and the 
rhombic pyroxenes (eiistatitos) exhibit in a very striking manner 
the effects of alteration Avhon they form i3arts of rock-masses 
originally situated at great depths from the surface. 

By the old German miners the name of “ Schiller-spar was 
given to those mineral substances which exhibit a “Schiller” or 
sheen, L e. a submetallic reflection when the crystal is held in 
certain positions. Freiesleben and the early German mineralogists 

* Jahrb. fur Min. &c. (1838) p. (>8J. 
t Poggend. Ann. vol. cwi. &c. 
t Sitzuiigsb. der k. k. Akad. Wien, vol. lx. (1869). 
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adopted tbo term Schillor-s]mr ” as tlu* name of a mineral «|)ecieH : 
but Broithaupt, Haidinger, and Ilaiiy, by dividing tl.e Schillor-Hpars 
into species like diallage, diaclase, Imstito, and hyjH‘! sih«Mi(», showed 
that' they had recognized the fact tliat iiuiny dillertM.t ininerala nia} 
exhibit the peculiar roHeetion of Schilb*r-s)iMr. 

It is now recognized that many varietit's, both ot the monoclinic 
and of the rhombic ])yroxeiie8, under certain eircumstamt^s, nnu 
exhibit this peculiar appearance. The diflen^nt kind-' of ])yroxcnc, 
with the corresponding “Schiller” varieties, may bo (dassed as 
follows : — 


Unaltered forms. 


SXSTATITES, 

Bhouibic. 


AroiTE, 

Monoclinic. 


j Eustatitc proper. 

J Proto-bnm*ite. 

I Pn.>to-hyp©r»thene. 

Amblysn»gito. 

( Diopi»ide. 1 
*{ Augito proper, v 
I Hedenbergite. J 


iSehiller'* varieticii. 

Disicliisite ? 
Bronzite. \ 
Ilyperstlienc. f 
IlTpersthene. 

DialUge and 
P^^eudo-lly^>e^^lhc!n•. 


More tilieitxl form. 
Tiac(?) 

Baaitie. 

Oroen diallage. 
8ii)aragdite» 


The Schiller ^-varieties of pyroxenes, when examintni in thin 
sections under the microscoiH% an* sci'n to owe their p<»culiar appear- 
ance to the j)res(*nce in them of a great numlier of entdosures, in the 
form of thin {dates or delicate rods, arranged along one or more sots 
of parallel planes within the crystal. When the crystals are held 
in certain positions, tht* nume^ou^ erudosure.s, wdiich exhibit various 
grey, yellow% and brown tints, and posses.s a submeUillie lustre, 
reflect the light traversing the trans])ar(‘nt portions of the crystal, 
and by this reflection give rise to the “ Scliiller” phenomenon. 

The cr}'stals of augite like those of felspar exhibit tin* flrst traces 
of alteration along the incipient cracks, w h(*ther due to cleavage or 
other causes, which traverse them. Along these incijdent crocks 
and in bands parallel with them, cavities raak(* their tti){>f*arance, 
some of these cavities containing li<jiudH with moving bubbles, while 
others enclose solid material.s (see PI. XI. tig. 1). While the 
augites of the superficial rocks contain but few of these enclosures, 
they become exceedingly numerous as wo trace the augite crystfils 
to greater distances from the original siirluce. It is therefore 
impossible to doubt that these cavities formed in networks along 
the incipient cracks of the crystal are, like the similar ones de- 
scribed in the fels{)arH, of secondary origin. They have probably 
been formed by the solvent action of the fluids which now fill them, 
acting under the enormous pressures conseejuent on their original 
depth from the surface. 

Both the green augites (diopside) and the black varieties (common 
augite) of the Western Isles of Scotland are found, when traced into 
the more deeply seated masses, to pass gradually into the “ Schiller *’ 
varieties known as diallage and pseudo-hypersthene. That this is 
the result of a secondary modification is j)roved by the fact that the 
alteration of the crystals is seen in many cases to be confined to 
their outer portions, so that a nucleus of ordinary augite is sur- 
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rounded by a shell of diallage (see PL XI. fig. 3) ; in other cases 
the alteration of the augite into diallage is seen to take place 
along cracks, duo to cleavage or other causes, which intersect the 
crystal (see PL XI. fig. 5) ; in other cases, again, the alteration 
into diallage is found to occur in irregular patches within the 
augite, though the cause of the distribution of these altered patches 
may not be manifest from a study of the thin section. 

Although the alteration of the augite may be set up along the 
clcavage-cracks of the crystals, yet the position of the brown 
enclosures bears no relation to the principal (prismatic) planes of 
cleavage in the mineral. On the contrary, the enclosures appear to 
be developed in planes parallel to the orthopinacoid planes, in which 
only a very imperfect cleavage exists in augite 

In the island of Eum, the augite, though exhibiting the first traces 
of the development of the structure which is characteristic of diallage, 
is seldom so far altered as to deserve being called by that name. 
In the larger igneous masses of Mull, the augite in all the central 
portions is in the condition of diallago, as was pointed out by Zirkel. 
Between rocks in which the augite is entirely unaltered, and those 
in which it is completely transformed into diallage, every possible 
transition may be found. 

In the central portions of the largest intrusive masses, those of 
Skye and Ardnamurchan, the augite exhibits a still further modifi- 
cation. In addition to the enclosures along the planes parallel with 
the orthopinacoid, other enclosures make their appearance in planes 
cutting these at an angle of 87J°, or parallel with the clinopinacoid. 
The ordinary sections in which these two sets of enclosures arc seen 
intersecting one another at difterent angles, according to th(' 
direction in which the sections traverse the crystals, present a 
singular “ cross-hatched ” appearance ; but it is easy to trace every 
gradation from the variety with enclosures developed along one set 
of planes, to that in which they appear along two sets of planes. 
Frequently another set of en(*losures may be detected as making their 
appearance along a third set of planes, which appear to bo parallel 
to the basal plane t (see PL XT. figs. 4 & 6). 

It is especially noteworthy that the colour, lustre, and general 

* Tho (Mirioiis nugito of the Whin Sill, described by Mr. Teall (Quart. Joum* 
Gk»()l. Soi*. vol. \l. (1884) pp. (>47-050) as presenting a foliated structure parallel 
to the basal plane, not improbably owes its peculiarity, as suggested by Prof. 
Bosenbiisch, to an intorgrowth of different minerals, or possibly to lamellar 
twinning on tliose planes of ultra-microscopical dimensions. (See also Vom 
Rath, Zeitschr. fur Krystall. &c., vol v. (1881) p. 495.) Prof. Rosenbusch 
is inclined t > regard the foliation of diallage as connected with the existence of 
lamellar twinning parallel to the orthopinacoid (Mikroskopiselio Physiographie, 
vol. i. p. 305), a view which does not appear to be .shai*ed by most other petro- 
graphers. The enclosures in planes parallel to the orthopinacoid in augite, 
though the first formed, usually exhibit a tendency to indefiniteness and irregu 
larity not seen in those parallel to the clinopinaooid and the basal plane. 

t Tschermak has pointed out that the foliation-planes in diallage sometimes 
deviate by as much as 16® from the true orthopinacoid, and suggests that this 
may be the result of pressure. A similar but smaller divergence from sym- 
metiioal development of the foliation planes is said to occur in hypersthene. 
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aspect of the augito-crystals is com]»letoly altered by the de\eloj)nioni 
within them of these eucloauros. The and black aii^ite 

acquires a greyish or brownish grey tint and a Ku])nietallic lustre 
along the planes of foliation. In this coiulitir)n diall.ige is cxadly 
analogous to bronzito in the series of rh()m])ie pyre\enes. Those 
characters aj)j>ear lobe intensitied by weathering action, which sei‘ms 
to act with great facility along the planes of foliation, giving rise to 
the formation of lamiiiie of caleite and other seeondaiy minerals, 
as was pointed out both by Tscheruiak and JioriekV. I’nder these 
circumstances the green variety of dnillage has its origin in a ]iartial 
couTersion of the augiie-suhstanee into lu^rnhlendc, with other 
accompanying changes. 

The development of two or three sets of eiiclosure> in mutually 
intersecting planes caus(‘S the erxstals of augite to accjuire the deej)- 
brown tint and the bronzy lustre of common by pels tin ne (paulite). 
In this condition the mineral has received from Dana the name of 
‘‘ pseudo-hypersthone." In its microscojiic eharai‘t(‘rs, no less than in 
its colour and lustre, it exhibits such a striking reNemblance to the 
altered forms of the rhombic ferriferous enstatites (the substance to 
w^hich the name of hypersthene was origiualh applied) that we 
may cite it as a very remarkable exiimple of mimicry in the mineral 
kingdom. 

The enstatites, and especially their more ferriferous vaneties, 
exhibit the same development of enclosuns along certain planes 
which is found among the augites. Sometimes one such set of 
planes is developed, and the result is a mineral identical in character 
with the bronzites and hastites ; at other times two or more sets 
of such enclosures arc developed along mutually intt'rsecting planes, 
resulting in un ajipearance like that of the typical Labrador hyper- 
sthenc or piiulile. As alread} i)ointed out, such a variety was 
certainly collected by Macculloch in the Cuchullin Hills of Skye, and 
the same mineral was probably analyzed by Muir. 

In the rock of Corui>»kh the very highly ferriferous enstatite (ambly- 
stegite) occahionally occurs in a |K;rfecUy unaltered state. Jt then 
appears as a mineral of a rich brown colour, whicli, in thin sections, 
shows the striking dichroism already referred to, the colours changing 
from a rich garnet-red to blue- green. In other crystals, how'over, 
the commencement of change is exhibited ]>}• the development of 
enclosures along planes pa ralhl to the braclnpinacoid (see Tl. XI. 
fig. 9). Tlie ferriferous en&taiites having one set of interpo- 
sitions developed within them, exhibit the suhmctallic reflections 
and the striated appearance under the microscoj)e so characteristic of 
diallagc. It is not surpris ng therefore that the foliated enstatite 
(bronzite) and the foliated augite (diallago) have been so frequently 
mistaken for one another. 

In many cases a second, third, and oven a fourth set of enclosures 
are seen to be developed within the enstatite crystals, in planes 
parallel to the macropinacoid, and the prismatic faces (see PI. XI. 
fig. 8). W> thus get the structure produc<‘d which is so well 
known as being characteristic of the original hypersthene (paulite) 
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of Labrador. The development of the additional scries of enclosures 
causes the mineral to assume a much darker brown tint, while the 
sul)metallic reflections become less pronounced. 

It does not, however, appear that the presence of one scries of 
enclosures is absolutely characteristic of the less ferriferous cnsta- 
tit(‘s. and that the two or more sets of enclosures are confined 
to the more highly ferriferous varieties. On the contrary, the same 
crystal may be altogether free from enclosures in one part, may 
exhibit one set of enclosures in another part, and thus assume the 
(ippearance of bronzitc, while at certain points within the crystal a 
second iind a third set of enclosures may appear, and the hyper- 
sthenc structure be produced (sec PI. XI. fig. o). Other things 
being equal, however, the bronzite-structure is perhaps more likely 
<0 be produced in less forriterous varieties, and the hypersthene 
structure in the more ferriferous. It is probably too late now to 
])revent the use of the terms bronzite and hypersthene for varieties 
differing in comiwsition, otherwise it would be well if the names 
could be applied to distinguish these differences of structure. The 
parallelism between the varieties of the monoclinic and rhombic 
scries of pyroxenes is complete. In the one series we have a perfect 
“mimicry” of the members of the other series : — 

Common Augite corresponds to Eerriferous Enstatite. 

Diallage corresponds to Bronzite. 

Pseudo-hypersthene corresponds to Hypersthene. 

The slight differences of colour between diallage and bronzite, and 
between pseudo-hypersthene and hypersthene, are not sufficiently 
constant to be relied upon for the discrimination of these minerals ; 
the only certain means of distinguishing between them being the 
measure of the cleavage-angle, or the determination of the extinction- 
angle in the sections for indicating their system of crystallization. 

We have seen that diallage is prone to a further change by 
the conversion of the augite-substance into green hornblende, and 
oven the separation of calcite along its foliation- planes. By the 
commencement of this change we get the beautiful green diaUage ; 
while its completion results in the formation of smaragdite, actinolite, 
or similar amphiboles. 

The enstatites are still more susceptible to changes of the same 
kind, but the resulting product is altogether different. By taking 
up water the enstatite substance of the crystal becomes more or 
less converted into green serpentiiious or steatitic substances. 

The greater ease with which the enstatites undergo alterations of 
this kind than do the augites, is shown by the fact that while the 
diallage of the Hebridean gabbros and peridotites is almost always 
unaltered, the enstatites associated with them nearly always exhibit 
the first symptons of decomposition, and are not unfrequently 
entirely converted into the 6cw<iVe-modification. 

Tlie Olivines . — A change analogous to that taking place in the 
felspars and pyroxenes, is found affecting the olivines when they are 
traced to great depths from the surface. This change consists in the 
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Bepaxation of a black or dark brown, usually opaquo, substance, 
probably magnetite and other iron-oxides, along ci rtain planes 
within the crystals. But in the olmnes the separated material 
assumes very peculiar and highly characteri&tic forms. In 1871 
Prof. Zirkel, in describing the olivines of the gabbros of ^1 ull, j)ointed 
out that they contained great numbers of blackish or brownish 
needles arranged in curious combinations, of which he gave 
a drawing*. Prof. Zirkel insisted on the fact that similar ap- 
^learances are never found in the olivines of basalt, but that they 
occur in the olivines of many gabbros like those of Volpersdorf, the 
Yalteline, and other localities. He also pointed out the fact that 
these dark inclusions sometimes become so numerous in the olivine 
as to render the mineral black and opaque, so that it may be easily 
mistaken for magnetite, except in very thin sections which have 
been carefully prepared to illustrate the structure of the mineral. 
Dana has also pointed out this change of olivine into a black opaquo 
substance resembling magnetite, often exhibiting a fissile structure 
similar to that of micaf, and Wadsworth has described the same 
pheuomenon. 

The study of a series of specimens which have originally existed 
at different depths from the surface, in the Western Isles of Scotland, 
enables us to fully understand and explain this interesting change. 
ITiis is rendered more easy by tlu‘ fact that the results are, in this 
case, not complicated by serpentinization. a totally different kind of 
change due to quite other causes. 

The first appearance of the change in quehtion take'* plae<‘ along 
those irregular fissures that so frequently traverse olivine- crystals. 
Along these incipient or completed fissures, when they are (examined 
by the aid of high powers, small stellar-groujis of lilack or dec])- 
brown filaments are seen making their appearance mingled with 
reticulations of cavities containing lirjiiid or solid substances, like 
those formed in the felspars and ])yroxenes. The stellar groups 
have much the appearance of dendritic markings (see IT. XTl. 
figs. 1, 2), and wlien seen foreshortened, or j)artially within the range 
of view of the higher ])ower8 of the mi(Tosco])e, present the cha- 
racters represented by Zirkel Sometimes these star-like bodies 
beconu' crowded together so i\s to make the surfaces of the cracks 
and sometimes also the outer portions of the crystal black and opaque 
(see PL XII. figs, li, 4). 

Precisely similar appearances then make themselves visible along 
certain planes within the crystal, which are certainly parallel to the 
optic axis, but the more exact crystallographic relations of which I 
have as yet been unable to determine. With these stellate groups 
of fibres flat brown plates, like those appearing in the pyroxenes, 
sometimes appear in considerable numbers. Examples may bo 
found of the gradual conversion of the stellate enclosures into 
tabular ones, by the filling-in of the intervals between the rays 

* Zeitsclir. d. d, geol. Gesell. Bd. xxih. (1871) pp. oO, 00. 

t System of Mineralogy, 5th ed. (1875) p. 258. 

{ ^itschr, d. deutsch. geol. Gesell. vol. xxiii. (1871) p. 59, Taf. iy. fig. 1 1. 
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of the star (see PI. XII. figs. 5b, 5c), As these incltisioiis 
multiply, the crystal loses its trarisluceucy and finally becomes 
oj)aquo, and exhibits by reflected light the colour and lustre of 
magnetite. As the tachylytcs of the Western Isles of Scotland are 
rendered perfectly black and opaque by the quantity of magnetite- 
dust which they contain, so the olivines are completely obscured 
in their characters by the development in their midst of these 
magnetite-enclosures. What is taken for magnetite in many 
gabbros is nothing but this greatly altered olivine. That these 
stellate bodies in the substance of the olivine crystals are really 
inclusions formed within cavities having a rectilinear outline, is 
demonstrated when they are examined with high powers of the 
microscope. Each ray of the star is then seen to end abruptly 
along a right line, and the limits of the cavities within which they 
are formed are thus clearly indicated (see PI. XII. fig. 5c), 
The curiously varied forms represented by Zirkel are duo to portions 
only of these stellate bodies being within the field of view of the 
microscope at the time and often being viewed obliquely ; but by 
carefully focussing up and down, their true nature can be readily 
made out*. In their absolute dimensions these enclosures of the 
olivine crystals vary between very wide limits, as is the case with the 
similar bodies in the felspars and pyroxenes ; while some of the 
enclosures can be seen and studied with quite low microscopic powers, 
others are crowded into a nebulous haze which can only be resolved 
by the very highest powers. 

77ie Bioiites, which are among the most frequent of the accessory 
minerals in the gabbros and peridotites, exhibit a similar secondary 
structure to that described in the felspars, the pyroxenes, and the 
olivines. Tabular enclosures of a deep brown or black colour 
are developed along the planes of easy cleavage of the mineral, and 
are sometimes so abundant as to render the mineral almost opaque 
(see PI. XII. figs. 8, 9). 

§5. Nature and Ouigin of the Cuanges which have taken 

PLACE IN THE MINERALS OF DEEP-SEA I ED PlUTONIC IIOCKS (“ ScHIL- 

LERIZAriON ’*). 

We have seen that' alike in the felspars, the pyroxenes, the 
olivines, and the biotites of pliitonic rocks, there is evidence of pro- 
gressive change taking place at gradually increasing depths. This 
change consists in the development along certain planes within the 
crystals of tabular, bacillar, or stellar enclosures, which, reflecting 
the light falling upon them at certain angles, give rise to the peculiar 
phenomenon expressed by the term “ Schiller. It will be con- 
venient to have a general name for this kind of change, and I pro- 
pose to employ the term “ Schillerizatiou " to express it. Thus I 
shall call diallagc and pseudo-hypersthene “ Schillerized augites,” 

♦ Zeitschr. d. deutsch. geolog. Ges. vol. xxiii. (1871) pi. iv. fig. 11 Zirkel, 
Mikroskop. Besohaff. der Min. und Gest. (1873) p. 214. 
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bronzite and the typical hyporsthone of Labrador “ v'^c hillerized fer- 
riferous enstatites.” 

The nature of the enclosures which j;iv(‘ rise to i lio “ Schiller 
phenomenon of minerals has been investigated by many mineralogists ; 
but, as might have been anticipated when their minute size is taken 
into account, the results arrived at arc very discordant 

The enclosures vary in colour from grey to yellow, and through 
various shades of brown to purplish red ; while they are sometimes 
so dark as to be almost black and opaque. In all cases, so far as it 
is possible to examine such minute objects, they prove to bo isotropic. 
As a general rule, they are found to be infusible, and to resist the 
action of the strongest hydrochloric and other acids. 

In form, these enclosures greatly vary. Sometimes they ajipear 
to have very definite outlines, which has led them to be regarded as 
microscopic crystals of hoimatite, magnetite, brookite, augite, or other 
minerals ; but these identifications liave not only not been sup- 
ported, but in many cases have been actually disproved })y chemical 
analysis. Nevertheless the regularity of their forms in the same 
crj’stal, and sometimes a womlerful tigixemonl in the angular 
measures which they give, are very striking facts. In other cases, as 
for example in the Labrador h\qH‘rstliene, the tabular enclosures, 
while presenting perfectly fiat and parallel sides, exhibit the most 
irregular contours along some of their edges, and their forms apjiear 
to be quite irreconcilable with the liypotliOhis that they are micro- 
scopic crystals. 

Prom a consideration of all that has been adduced ])y other in- 
vestigators, taken in connexion with my own observations, 1 am led 
to the conclusions that the substances forrninglhe.se various enclosures 
do not consist of any delinite chemical compounds assuming the 
regular crystalliue fomis belonging to mineral sp(*ci(‘s, but that they 
are mixtures of various oxides in a more or less hydrated eoiidition, 
such as hyalite, opal, gothite, and liraonitc ; lienee their isotro- 
pism, their variation in colour, and their re.sistaiice to the action 
of acids. 

All Schillerized minerals on analysis yield a small but notable 
proi>ortion of water, wdiich is jirobably contaiiu’d in these enclosures. 

The suggestion wliicli seems to me to be most in accord with JiU 
the facts of the cas(}, is that tliese enclosur(*s are of the nature of 
negative cryntaJn which are more or less completely fill(‘d with products 
of decomposition of the mineral. When these negative crystals are 
completely filled with foreign substances, the enclosures assume the 
outlines of true crystals, though they do not, of course, exhibit their 
optical properties: it is noteworthy tliat in some cases a corre- 
spondence between the angles of the enclosing mineral and the 
inclusions seems to have been clearly made out. Hut in other 
oases the sepondary products are insufficient to fill the whole cavity 

♦ This subject has been especially treated of by Scheercr (Pogg. Annal. Iriv. 
1845) ; Vogelsang (Archiv Neerland. iii. 29, 1858) ; Kosmann (Neucs Jahrb. f. 
Min. &C, 1§)9, p. 532) ; Hagge (Mikroskop. Untersuch. uber Gabbro,&c. 1871); 
Trippke (Neues Jahrb. f. Min. 1878, p. 575). 
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of til 0 negative crystals, and occupy irregular spaces within them. In 
soDi(‘ cases, like that of the olivines, the distribution of these 
products of decomposition within the negative crystals is partially 
determined by crystalline forces, and curious dendritic forms, of 
microscopic dimensions, are the result. That this is really the ex- 
planation of the dendritic forms seen in olivine, is shown by the 
fact that the ends of the star-like masses are bounded by straight lines, 
the sides of the negative crystals (see PL XII. figs. 5a, 56, 5c). 

It is a very noteworthy circumstance that these negative crystals 
are formed dong certain definite planes within the original crystal. 
TTie studies of the so-called “ Aetzfiguren " by Exner, Baumhauer, 
and others have shown that the surfaces of crystals, and of sections 
of crystals, are veiy^ unequally affected when submitted to the action 
of appropriate solvents. The peculiar disposition of molecules in a 
crystal which causes it to yield most readily along certain planes to 
the mechanical forces applied in scratching and fracture, and which 
permits the waves of light and heat to traverse it at different rates 
in different directions, is equally manifested when the crystal is 
operated upon by solvent agents. We can understand how, under 
these circumstances, solution is set up along certain planes within 
the crystal, innumerable negative crystals being formed, while the 
products of decomposition are deposited within them. The action 
may be compared to what takes place when a beam from the sun 
or an electric lamp is passed through a block of ice. The beautiful 
ice- stars partially filled with water appear to be exactly analogous 
to the negative crystals formed by solvent action in augitc, for 
example, and occupied by the hydrated oxides which result from 
its decomposition. Tschermak and others have pointed out that the 
lines along which solution takes place most easily are not necessarily 
the edges of cleavagc-plancs ; and it has also been shown that the 
twinning of crystals modifies the ** Aetzfiguren,” as it certainly does 
the position of the plane of most easy chemical action, as revealed 
by the phenomena of Schillcrization (see Ante, p. 379). 

There is one point in connexion with this subject which appears 
to me to be specially worthy of attention, though, as far as I am 
aware, its importance has hitherto been very generally overlooked. 
The “ Schillerization ” of dark-coloured ferriferous minerals, like 
proto-hypersthene and augito, results in the discharge of colour fi'om 
the substance of the crystal ; and instead of a dark green or brown 
substance, wo get a nearly colourless one, within which the innumer- 
able deeply coloured enclosures are distributed. Now, inasmuch as the 
chemical composition of the whole crystal is scarcely, if at all, altered 
by this molecular change, it is fair to conclude that the iron and 
other oxides which gave the colour to the crystal have been dissolved 
out and deposited in the substance of the enclosures. 

That this is really the case, we have, I think, a singularly beautifiil 
proof. The researches of many mineralogists have demonstrated that 
in the pyroxenes, the micas, and many other groups of minerals, a 
remarkable relation can bo discovered between the proportions of 
certain ingredients, notably the iron, in different varieties, and 
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certain optical constants, such as the position of the piano in which 
the optic axis lies and tho an^le between the optic aX' S 

The researches by which the optical constants of luiiierals hav(* 
been determined have proved that not only do the C(>lour and cha- 
racteristic pleochroisni disappear in the .substance of crystals t 
which have undergone Schillerization, but that the ]'osition of tin* 
optic axes and the angle which they make with one another are also 
afifccted. This remarkable effect of the Schillerizing process is shown 
if we compare unaltered and altered i‘xainples of minerals of the 
same chemical composition with one another, aiigites >\ith diallages 
and pseudo-hyj)or8theijes, ferriferous enstatites with broiizitos and 
hyperstheiies. Tschermak even points out that the optical constants 
of diallage are practically the same as those of diopside J. In the 
latter mineral ferrous oxide was almost absent from the first ; in the 
former it has been to a great extent removed from the substance of 
the crystal and collected into the enclosures during the process of 
Schillerization. 

§ 6. The Agency bj which the Schillekization of Minerals has 
BEEN effected. 

In seeking for the causes whicli have produced in minerals 
the very remarkable changes which we have grouped together under 
the name of Schillerization, there arc two xery important facts 
which must be home in mind. In the first place such changes are 
quite distinct from those which result from weathering action, or 
the penetration of water from the surface. Under the infiuonce of. 
this kind of action, fek^pars are more or less completely kaoliuizcMi, 
and their elements may subsequently rcerystallize as zoisite and 
other minerals ; augites are converted into uralite or directly into 
hornblende, and olivines and enstatites into sorpontine, steatite, 
and talc. But in the minerals of the rocks we arc describing, it is 
manifest that crystals which do not exhibit the smallest trace of 
Schillerization may b(‘ completely altered by weathering action ; and, 
conversely, ciw’stals w hich are perfectly fresh and iindecomposed may 
have undergone the most striking effects of Srhilleri/ation. In eases 
where the results of weathering action have been superinduced upon 
those following from Schillerization, very compli'^'atcd phenomena 
may he presented, w’hich it may recpiire much care to unravel. 
Cases of this kind we sliall proceed to consider in tho second part of 
this paper. But the examples of tho Wobtorn Islub of Scotland are 

* See for the p^roxrneh, Tschermak, Minernl. Mitth. vol. i. 0^70); 
Wilk. Zeitschr. f. Kryst. toI. viii. p {IHfH) ; Uolter, Neuea Jalirb. f. Min. 
ke. ISS.'), vol. i. p. 43. 

t It is true that slices of liypersthem* viewed wit li adichroiH(»o])e ajipoiir strongly 
pleochroic. But when examined w'ith a high jK>\\er, tlic sulWaiiee bi*twfH.*n the 
enclosures is seen to Ije nearly colourless, and to exhibit only faint tnices of 
pleochroism. In examining the whole slice of the mineral tlie liglit transmitted 
DV tho brown enclosures is affected by tlio interm(‘diute hubstance, and a general 
effect of pleochroism is pnxluced, which is not seen in either crystals or enclosures 
separately. 

t Lehrbucb fiir Mineralogie (1883), p, 440. 
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particularly valuable for the pur|K)808 of study ; for there the felspars 
ofti n show no trace of kaolinization, the augites no trace of uraliti- 
zation or of amphibolizatiou, and the olivines no trace of serpenti- 
TiizMtion ; and yet these several minerals, as we have pointed out, 
exl libit in the most striking manner the effects of Schillerization. 

'rhe study of these rocks in the held has clearly demonstrated that 
th(‘ degree of Schillerization of the several minerals can be correlated 
with the depth from the surface at which the rocks have formerly 
existed. In the more deeply seated rocks the most perfect Schilleri- 
zation has taken place, and in those at less depth fewer planes within 
the crystal have been attacked, all traces of the action disappearing 

lien the rocks have existed near the surface. 

That the action jjroducing Schillerization is a secondary one is proved 
in several ways. It is perfectly true that enclosures are often formed 
in crystals during their growth, and that, at high temperatures and 
under great pressures, abnormal crystal-growths frequently arise. 
In this way it may be suggested that augite might always crystallize 
with, the diallage- and pseudo-hypersthene-modifications, ferriferous 
onstatite with the bronzite- or hypersthene-modification, and so on. 
But against the acceptance of this suggestion several very importjant 
considerations may be urged. The contents of the negative crystals 
are evidently products of decomposition, hydrated oxides like chal- 
cedony, opal, gothite, and limonite. Further, as 1 have already 
shown, the action of Schillerization can in many cases be seen to be 
bct up from the surface of the crystals and along the cracks which 
ir averse it. And, lastly, the enclosures are altogether absent from 
some crystals in deep-seated rocks, which appear to have escaped 
altogether from the action which has produced this phenomenon. 
Schillerization is thus proved to be due to local and not to general 
causes. 

On these grounds, then, I think it is impossible to doubt that 
what are now crystals of diallage were once common augite, that 
the bronzite and hyperstheiie are altered ferriferous enstatites, and 
that the peculiarities of the deep-seated crystals of labradorite and 
olivine have been acquired since their original formation. 

Bearing all these facts in mind, it appears impossible to resist the 
conclusion that the solvent agents which have produced Schillerization 
are the water and other fluids which have permeated the rock- 
masses, and that their solvent action has increased with the pressure, 
that is to say with the depth from the surface. I need only refer 
to the classical researches of Daubroe, Sorby, Guthrie, and others, as 
placing beyond all doubt the fact of the increase of the actio u of 
solvents by pressure. 

When we remember the enormous volumes of steam and other gases 
given off by great volcanoes during their eruption, and further that 
these eruptions aro continued through geological periods of vast 
duration, bearing in mind too that the evolution of these gases does 
not terminate with the violent activity of the volcanic vent, but is 
equally manifested during the “ Solfatara stage,” and that enormous 
tracts of volcanic rocks are found altered by surface-emanation of 
steam, we can well understand how potent must be the influences 
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which are operating simultaneously upon the det')>-scated rock- 
masses below. 

The circumstance of tho crystals of such rocks being full of 
numerous cavities, many of which contain saturated solutions of tho 
alkaline chlorides and sulphates, or are tilled with solid substance's 
like wollastonitc and other silica-compounds, and ot such cavitit's 
also enclosing carbonic acid in a licpiid condition, all bear witness to 
the presence of these solvents and to the potency oi their action 
under pressure. 

The study of these deep-seated rocks at different depths shows 
that the water and other solvents which ])(Tnieate tin* whole of th<' 
crystals under the enormous pressure attacks certain silica-compounds 
more readily than others ; jirobably the compounds of silica with iron 
and the alkalies are among the first to pass into solution. Eventu- 
ally the whole of the compound silicates yield to the solvent and are 
broken up ; but this does not take place unifonuly through tho 
crj’stals. In the direction of certain planes within cr}’8tals tho raolo- 
culcs are in a state of less perfect stability with respect to chemical 
agencies than others, and along these ])lane8 the solvents eat out for 
themselves hollows (negative crystals) which l>ecomc filled with tho 
hydrated silica, the hydrated ferric oxides, and other products of 
decomposition. At increasing depths new planes within the crystal 
become susceptible to the action of solvents, and fresh enclosures are 
formed along them. Thus, at moderate depths, the only plant's along 
which angite-crystals are attacked by the solvents, and along which 
they have enclosures (infilled negative crystals) formed, are the 
planes parallel to the orthopinacoid : Imt at greater depths planes 
parallel to the clinopinacoid and tho basal jdane are similarly 
attacked. The planes of chemical instability are not necessarily 
identical in position with those of imjicrfcct cohesion ( ch'avage-planes); 
indeed in many cases, as wc have seen, they an* wholly different. 
But in many cases the position of th(*se plan<*s of easy solubility in 
a crystal arc clearly modified by the twinned condition of the 
crj’stal. 

In some cases Schillerization consists only in a redistribution of 
the matter within the crystals. Thus diallage, as a general rule, 
differs in compo.^^ition from augitc only by tho ])resence of a per- 
centage of water which, as we have aln'ady seen, is probably 
combined with the materials which fill the negative* crystals. But 
in many cases the dissolved material may lx* carried away from the 
crystal and deposited within the cavities of neighbouring crystals of 
different species. In tliis way ferric oxide, pro])ahly derived from 
the pyroxenes, olivines, and mfgiietite, comes to lx* deposited within 
the negative crj'stals of lahradorite. In tlic end tliis process of 
Schillerization must result in the blending togc'thcT in tho most inex- 
tricable manner of materials derived from different, crystallized 
minerals, and the whole characters of the rock may he completely 
altered. 

It has long been known that the faces and eleavage-planes of crys- 
tals are attacked by appropriate solvents in an unequal manner, so as 
to give rise to the characteristic forms of two dimensions known as 
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AetzfKjuren, But the Schillerization of minerals consists in the pro- 
duction by natural causes of Aeizjiyurtn in three dimensions. It 
bears witness to the existence of certain planes within crystals along 
whicli a greater susceptibility to chemical action exists than in others. 
It jiroves that, while often independent of the directions along which 
meclianical force and the different kinds of radiant energy most 
easily act, the planes along which the chemical forces operate are 
modified and controlled by structures like twinning. All these con- 
clusions are in complete harmony with the results which have been 
obtained by the study of the Adz/nfurca, The resiQts attained 
by the observations and reasonings which we have been describing 
bear the same relations to those obtained by the study of the 
AeizJiijurea^ as the iihenomena ot cleavage in a crystal do to the 
observations made on cr^’stal faces by means of the scleromcter. 

All the changes of which we have hitherto spoken are such as 
may be traced in their effects by the aid of the microscojie : but the 
same forces probably lead to other modifications of the internal 
structure of crystals, which are altogether ultra-microscopical and 
quite incapable of being detected by direct vision. But as it is 
well known that light-waves are capable of being interfered with by 
structures too minute to be discerned by the human eye, so we can 
readily understand liow solution along certain parallel planes within 
the felspar ciy^stal may lead to the formation of thin plates or layers, 
probably composed of chalcedonic material, which give rise to the 
beautiful chatoyant effects exhibited by these minerals when they 
have been submitted to deep-seated action. We have already pointed 
out that the alteration in the density and chemical comi)osition of 
these chatoyant varieties of felspar sui)port the view that they have 
undergone the kind of change which we have been describing, and 
that, in the Western Isles of Scotland, this phenomenon is exhibited 
only by the felspars of what have been the most deeply-seated rock- 
masses. 


§ 7. Varieties of the Tertiary Ultra-basic Kocks. 

The Tertiary pc'iidotites and other ultra-basic rocks difier from 
one another both in their mineralogical constitution and in their 
structure. Varieties corresponding to each of the rock-species which 
have been established for the different types of peridotite are easily 
recognizable in the Western Isles of Scotland. Thus in the Shiant 
Isles and in the central parts of Kum we find a rock almost wholly 
made up of grains of olivine enclosing rounded particles of chromite 
and picotite — a rock which must be classed with the “dunites.*’ In 
various localities in the island of Hum, and also in the Shiant Isles, 
we find rocks consisting essentially of olivine and augite, and these 
must be classed as “ picrites.’’ Occasionally we find a considerable 
amount of a more or less ferriferous enstatite, with some picotite or 
chromite superadded to the ingredients of the last-mentioned rock, 
and we have then an analogue of “ Iherzolitc.” Some of the veins 
which intersect the gabbros and i)cridotiles of Hum aro wholly made 
up of a felspai' (which, by its extinction-angles, its specific gravity, 
Q.J.G.8. No. 103. ’ 2 e 
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ita flame-reaotioxit io proved to be anorthite) and olivine, I 
vr«e it a loea to find any exact analogue of these felspai^livine 
I^ocIpi ; but Professor Bonney has pointed out to me that in soma 
vitieties of the forellensiein (troctolite) of Yolpersdorf, in Sileaiat 
tbe augite becomes inconspicuous and almost disappears, and wo 
have a rook similar to the Scotch variety which I have indicated. 
Professor Bonney has found the same rock in an altered state at 
Coverack Cove in Cornwall*. Other veins and enclosures in these 
rocks consist of anorthite and augite, and may be classed with the 
eucrites (see PL XIII. figs. 1, 2, 3, 4, 5, & 6). 

As all of these varieties of the Tertiary ultra-basic rocks are found 
passing into one another, and into the gr'ibbros and dolcritcs, by an 
increase in the quantity of one mineral or by the diminution and 
disappearance of others, it will, I think, be more instructive to con- 
sider the varieties exhibited by the rocks of different localities when 
their microscopic structures are considered than to dwell upon the 
merely accidental rarietics of mineralogical constitution. 

It may he mentioned at the outset that, as a general rule, the 
peridotites vary in structure with the gabbros and dolcritcs with 
which they arc associated. We thus find peridotites of pTraniti^? 
structure, others of granulitic structure, and others, again, of ophitic 
stnicture (see FI. XIIL). 

The most perfectly crystalliiie type of these peridotites is found 
in the valleys in the central jiart of the island of Hum. A typical 
example of these rocks collected near the road between Kinloch and 
Harris is highly crystalline, of a black colour with a few scattered 
felspar-crystals, and has a specific gravity of 3* IS. The olivine of 
this rock is of a uearl) black colour, owing to the abundance of 
magnetite enclosures it contains; it can, however, be distinguished 
from the augite ])y its lustre and its fracture. It is not surprising 
to find that Macculloch, misled by tho unusual colour of the olivine, 
failed to distingui.^li that mineral ; and, regarding the rock as being 
wholly comi)osed of augite, he gave to it the name of “ augite- 
rock.” 

Thin slices under the microsco])o show the rock to bo essentially 
made up of large crystals of augite and olivine*. 

Theaugite is of j)ale greenish or brownish tin! by transmitted hght, 
and exhibits very faint dichroism ; but its cleavage-cracks, which 
are wcU marked, are characteristic of the mineral. Both tho 
cleavage- and irregular cracks of tho mineral are marked by bands 
of enclosures, consisting of cavities, sometimes empty, sometimes 
containing a liquid with a h ihhle, hut most commonly filled with a 
solid substance of a reddish brown, sometimes almost black colour. 
This augite only occasionally exhibits the first traces of a passage 
into diallage by the development of enclosures in planes parallel to 
the orthopinacoid. 

The olivine of this rock is in the most beautifully fresh condition, 
and seldom shows any trace? of serpen tinizalion. It polarizes with 
♦ Quart. Jouni. Gool. Soc. vul, xxxiii. (1877) p. IKK). 
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the usual brilliant oolours, but presents a somewhat oorious 
appearance from the abundant enclosures which it contains, causing 
it to appear of a dusty grey tint. The numerous fissures which 
trarerse the olivine grains are often stained of a bright yellow colour ; 
along them are developed numerous cavities which are seen in some 
cases to be united by a ramifying system of canals, and not un- 
frequently contain liquids with a moving bubble. In most cases, 
however, they appear to bo filled with brown or black decomposition- 
products like those in tho augite-crystals. Along the same fissures are 
seen to be developed the curious dendritic stars or networks of a black 
or brown colour, and these are sometimes present in such numbers as 
to render the planes of the fissures black and opaque. In addition 
to these enclosures along the planes of the fissures, other stellar 
ones make their appearance in prodigious numbers within the sub- 
stance of the crystal, communicating to it the dusty appearance 
already described. These are seen to be arranged in a series of 
planes parallel to the optic axis of the crystal, and the star-like 
inclusions are often mingled with and pass into others in the form of 
thin brown or black plates. 

Among the commonest of the accessory minerals of this rock are 
felspar, bioiite, a ferriferous enstatite (hypersthene), magnetite, 
and chromite or picotitc. 

The felspar is a idagioclase, which in its altered condition 
offers a striking contrast to the fresh augite and olivine of the 
rock. It is full of cavities, and its substance is often seen to have 
undergone more or less comjfiete conversion into various secondary 
products. 

The biotite, when unaltered, is of a deep brown tint, but is often 
Schillerized by the development of dark-coloured enclosures in 
planes parallel to the basal plane. Under these circumstances the 
substance of the crystals becomes much paler in tint. 

The ferriferous enstatite (hypersthene) exhibits the usual marked 
pleochroism of that mineral when undecomposed, but it usually 
shows a great tendency to serpontinous alteration. 

The magnetite and chromite or picotite form only a very subor- 
dinate pari of tho rock. The latter mineral by its decomposition 
appears to communicate a very striking chrome-green tint to 
portions of the rock. 

Some of the peridotites of tho higher mountains in central Rum 
exhibit a far less perfectly granitic structure, small crystals and 
granules of olivine being mingled with finely granular augite, as in 
the porphyro-granulitic dolerites. They resemble such dolerites 
without their felspar. These rocks have a specific gravity of 3*09. 
The olivine of these rocks is often more or less darkened by the 
multitude of black stellar inclusions which it contains. 

These granular peridotites of central Rum are intersected by 
veins of many interesting rock-varieties. Among these occur 
porphyritic peridotites consisting of largo individuals of olivine 
scattered through a granular base of olivine and augite and gabbros. 
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iri)3k I3i 6 i0Vml miaerals sometiDies disposed in bands parallel to 
^ s&dea of tiate veiii* (8ee p. 859.) - . 

One of the varieties of peridotite in the island of Ivuin ^ a rock 
of troeh beauty as to have attracted the attention and excited the 
admiratioii of all visitors to the island It is found constitutingf 
considerable portions of the mountains of Halivul^ ilaiskevaly and 
Tralival, and is seen passing everywh.'rt» into an augite«gabbro. 
Different portions of these great moiiiitain -masses appear to vary 
chiefly in the (juantity of felspar which they contain. 

The felspathic varieties are tnie augiU' guhbi’os, consisting of a 
very fresh felspar, often perfectly clear and glassy in appearance, a 
bright green augite, and an olivine which han undt^rgime thu {peculiar 
alteration which makes it resemble in aspect choiulriHlite. The 
rock is sometimes fine-grained and at others very eoarni'-graiiud, 
and the mixture of colourless, bright-green, and yellow crystals is 
very’ striking. 

The non-feIsj)athic v*irieties are picrite*' and Iher/olites, rocks 
having a sj)ecilic gravity of about the admixture of bright- 

green augite, aud tlie yellow olivine with m(»re or less eti^tatite, 
giving them a very beautiful a[)pearan<-e PI. XI 11. tig. *1). 

The augite of these rocks is u.>ually of a bright aid-green 
tint by reflected light, and pale gnvn passing into p.ile brown by 
transmitted light. It usually exhilnts a very leeble ])le«K-hroism. 
The augite sometimes forms well-dt*velojMHl crystals, ])ut more 
usually it exists as rounded grains, likt* tho>e of coee(>lit<‘. The 
composition of this diopside, or slight 1\ territerous angit *, is illus- 
trated by the analysis ([noted on p. 3(17. This gretm augite, as 
well as the pale bro\\nish >arieties which accomiiany it, i^ traversed 
in all directions by erack.s which are marked by numerous enclosures, 
M’hich are 8ometim<‘s litpiid- or gas-cavitics, but are iio» unfrt*- 
quently filled with d.irk-browii or black solid materials. These 
augites exhibit admirable illuM ration of the initial stage* of Schil- 
lerizatioii. A few hcatt<*red tubular enclo.sures make tlieir aj>- 
pearaiice along pLines parallel with the ortlio]>iuacoid. and the.se in 
other exam])]es are seen multiplied until the augitt* becomes a 
tj’pical diallage. 

The olivines of these rocks form more or l(*ss round(‘d or oval 
grains, often enclosing globular particles of chromite or picotite, 
which are generally black or opaque at their centres, but slightly 
translucent, and dark-brown in colour at their edges. A veiy^ 
marked feature of these oliviucs is th(*ir yellowish or brownish- 
yellow tint, so different from that of the mineral in its normal 
condition. Under the microscope this peculiar colour is H(‘en to bo 
confined to the cracks which traverse the crystals in all direction.s. 
The yellow tint is present in cases where not the smallest trace of 
serpentinization can be detected in the ciy’stal. Along these cracks 
we find the curious stollate enclosures being develoi)od, and these 

* See Jameson, ‘Mineralogy of the SuoUish U1 i*h,’ vol. ii. p. .'*1 ; .Mticeulloeli, 

* 'J’he Weetrrn l«le« of Heotlaiid,’ j. p. , IpHldU- Trans. Rnv. StxJ. Kdin. 
vol. xvviii, (IH70) p. 47 s, 
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may multiply till they form black bands, traversing the crystal in 
all directions; lastly similar . inclusions, sometimes mingled with 
brown plates, make their appearance along a series of parallel planes 
traversing the crystal in the direction of the optic axis, and these 
increase in number till they communicate a dusty appearance to the 
crystal. 

The accessory minerals of these peridotites of Halival and the 
adjoining mountains of Rum are as follows : — felspar, a clear 
variety, crystallizing in foims intermediate between the lath-shaped 
crystals of basalt and the broad forms common in the massive 
gabbros, is nearly always present in small quantities, and may 
increase in abundance till the rock passes into a gabbro ; fer* 
riferous enstatite (hypersthone), which, when it occurs with the 
granular variety of angite, also assumes similar granular forms, but 
is at once distinguished by its colour, its remarkable pleochroism, and 
its extinction in positions parallel to the vibration -planes of the crossed 
uicols ; biotite occurs but rarely, while magnetite and chromite 
(or picotite) are universally present. It appears as though the 
opaque magnetite passes by insensible gradations into the trans- 
lucent and deep-brown chromite or picotite. 

The last, but by no means ihe least interesting, of these Tertiary 
peridotites of Scotland which T shall notice, is that which occurs in 
the Shiant Isles to the Xorth of Skj e ; it exhibits the most beautiful 
example of the ophitic structure in these rocks. 

The igneous rocks of these islands, as pointed out in my previous 
paper form a great intrusive sheet 500 feet in thickness forced 
between strata of Inferior- Oolite age. The vertical columns of this 
intrusive mass constitute, as Macculloeh has pointed out, one of the 
most imposing spectacles in the British Islands. The columns, 500 
feet long and from 4 to 6 feet in diameter, form a range of inaccessible 
precipices rising directly from the sea. 

Owing to the rising of a storm, I was compelled to render my 
visit to these little-known islands shorter than I could have wished, 
and consequently I had an oj)portunity only of tracing the relations 
of the igneous to the sedimentary rock-masses, and of collecting the 
fossils from the latter. 1 was not able to devote any time to deter- 
mining the relations of the different varieties of igneous rocks to 
one another. As many varieties of the rocks as possible were, 
however, collected from different parts of the island by myself and 
a friend. Dr. Taylor Smith t, who accompanied me. 

The rock of this great intrusive sheet was classed by Macculloeh 
as an “ augite-rock,”J the augite being by far the most conspicuous 
mineral in it. A careful study of the large series of specimens 
brought from the islands shows that about one half of them should 
be classed as ophitic doleritcs, and the other half as ^ridotites. 
But every specimen collected shows such variations owing to the 

* Quart. Journ. Geol. Soc vol. xxxiv. (1878) p. 677. 

t I am greatly indebted to Dr. Taylor Smith for allowing me to study the 
whole of his specimens in connexion with my own. 

I Western Isles of Scotland, vol. i. p 439. 
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increase or decrease of felspar in different parts of the rock, tlmt I 
can scarcely doubt of there being constant and insensible passages 
in the rock-mass from the felspathic dolorito to the non-felspathic 
peridotite. 

The structure of the dolerites is exceedingly interesting ; nowhere 
in the British Islands am I acquainted with more beautiful illus- 
trations of the ophitic structure ; the very similar doh rito which 
forms the great intrusive sheet at Portrush in Trel.nid comes 
nearest to it. The fractured surfaces of the rock exhibit the broad 
faces of black crystals of augite, occasionally interrupted by the 
enclosed felspar crystals. Under the microscope the augito, which 
by transmitted light is of a rich brown tint, is seen to lorin great 
crystals, the continuity of which is indicated by the persistency in 
direction of the cleavage- cracks, and by ilieir uniform tint when 
viewed by polarized light. Within these broad crystals of augite 
are enclosed innumerable rectangular crystals of plagioclase felspar 
and rounded grains of olivine. 

In the accompanying peridotites the felspar almost completely 
disappears. In some varieties, which may be classed as picrites, 
we find a number of broad crystals of augite which enclose nume- 
rous grains of olivine (see Plate XIII. fig. 4). In other cases the 
grains of olivine become so numerous as to make up the mass of the 
rock, and augite appears only occasionally in their interspaces. 
The latter variety may be classed with the dunitos. 

Under the microscope, the rich brown augite of the Shiant-Isles 
rock exhibits gas- and liquid-cavities along its planes of fracture 
and strain ; but these are seldom filled with solid material, and the 
tabular inclusions producing Schillcrization are, so far as my expe- 
rience goes, never present in them. The augite of these rocks is 
seen in some cases to pass into paramorphic hornblende. 

The olivine of these rocks is a very interesting mineral. In the 
thinnest sections it exhibits a distinctly yellow colour by trans- 
mitted light. This colour is nearly as intense as in the fayalite of 
the eulysite of Tunaberg, for an opportunity of studying which 
I am indebted to Mr. Thomas Davies, of the British Museum. 
This colour of the olivine is so marked and persistent that 1 can 
scarcely doubt of our having a highly ferriferous olivine associated 
with the dark ferriferous augite of the rock. As a rule, the 
minerals of the Shiant-Isles rocks are remarkably fresh and un- 
weathered, but the olivine in some of the specimens, w’hich were 
for the most part collected from fallen blocks ashed by the sea, 
exhibits a veiy partial serp ntinization. Enclosun^s wdth solid 
matter of black colour, and others containing lirjuids and gases 
occur along the planes of fracture ; but the black stellate enclosures 
are rare. Occasionally, however, black or daik- brown enclosures 
are seen encroaching from the fracture -planes along planes parallel 
to the optic axis of the olivine grain, and so crowded together as to 
render the ciy stal black and opaque. 


In ad^'lition to the non-fel8])athic rocks, which we have classed as 
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dunites, Iherzolites, and picrites, we have the felspathic rocks which 
must be assigned to the troctolites (anorthite-olivine rocks) and the 
eucrites (anorthite-augite rocks). 

Gl'he troctolites (forollensteins) in all cases exhibit intergrowths 
of felspar-crystals, forming a mass through which single grains or 
groups of grains of olivine are irregularly distributed (see PI. XIII. 
fig. 5). Except in the perfectly fresh and unaltered condition of 
the minerals of which they are composed, and in their finer grain, 
th(\se rocks exactly resemble in structure the well-known forellen- 
stein of Volpersdorf. 

The eucrites (anorthite-augite rocks) exhibit both the granitic 
and granulitic types of structure. An interesting example of the 
latter variety is illustrated in IT. XIII. fig. G. 

The mass of basic and ultra-basic rocks in the island of Rum, 
which covers an area of from eight to ten square miles, and rises 
into a number of mountains varying from 2000 to 3000 feet in 
height, is made up principally of the minerals anorthite (or a felspar 
closely approximating in composition to that species), augitc, and 
olivine. When all three are present, as is most frequently the case, 
we have an olivine-gabbro ; when the first disappears we get a 
picrite, when the second is wanting we have a troctolite, and when 
the third is absent a eucrite. When both the first and second are 
wanting the dunites are formed ; and the addition of the less abun- 
dant minerals, the enstatites, the biotites, and the spinellids, gives 
rise to Iherzolites and other varieties. All these forms are found 
passing into one another by the most insensible gradations, and it 
would be possible, though, I think, most inexpedient, to propose 
names for other curious mineral combinations which occur here. 

The Shiant Isles offer perfectly similar examples of transitions 
between these different types of basic and ultra-basic rocks. 


Part II. 

The Pal.^;ozoic Peridotites and Allied Rocks. 

So far as is at present known, there are no peridotites of Mesozoic 
age in Scotland. The numerous masses of more or less altered 
ultra-basic rocks which are found scattered about the country, appear 
to have been formed during the Palaeozoic epochs ; but some of them 
may be of Archaean age. Certain of these old peridotites can, how- 
ever, be proved to be of the age of the Old Red Sandstone and the 
Carboniferous. 

At first sight the Palaeozoic peridotites of Scotland appear to 
present the most striking contrast in their characters with those 
which we have been describing as belonging to the Tertiary epoch. 
But the more carefully we study these rocks, the more distinctly is 
it seen that the differences between the older and younger rock- 
masses are not essential but accidental ones, — the result of al- 
terations which have taken place during the enormous periods of 
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time wliicli luive inten’oiicd between the iTiiptioii of tlie older and 
younger rocks re*»])cetivcly. 

In the Tertiar}^ peridotites the several minerals, olivine, enstatite, 
augite, picotite, &c., are perfectly fresh and unweatln rod ; but in 
the Palajozoic rocks these minerals an* represented, in most cases, 
only by their pseudoinorphs ; and it re(]uires tlu* most careful study 
to determine what was the nature of the original rock. When this 
is done, however, we are impressed by the conviction that in min era- 
logical constitution, as well as in structure, these* Talieozoie perido- 
tites present ns with examples of all the varieties found among the 
Tertiarj’ peridotites. 

It may be convenient to apply distinct names to some of these 
much altered igneous rocks, just as it is admissible to term the 
indurated argillaceous sediments shales, while we call the less altered 
rocks clays. But it is a fact which cannot be too strongly insisted 
upon that when duo allowance is made for the effects of alteration, 
operating during the enormous intervals of time which have separated 
the eniption of the Palaeozoic and Tertiary peridotites, the agreement 
in all the ori (final and essential characters between the rocks be- 
longing to these widely separated periods is of the most complete 
character. 

§ 1. Altkrvtion of xni: Minervls in iiir Pal fozok Pekid'mttfs. 

The most striking fact concerning the Palaeozoic ])eiidotites is 
that, as a rule, tlie whole of the original minerals of the rock have 
been converted into their pseudomorphs. The bulk-anahhis of the 
rocks shows that they differ in composition from the Tertiary peri- 
dotites by the addition of water, and the diminntion, to some extent, 
of the silica and certain of the bases. The olivines have been con- 
verted into serpentine ; the enstatites are oft(*n rejircsented by the 
same mineral or by steatite ; the augites have become hornblendes, 
and the felspars have similarly been changed to zoisite and other 
minerals. 

These changes are of a totally different kind from those which 
we have seen to affect the minerals in the more deeply seated 
eruptive rock-masses of the Tertiary period. Whether previously 
in their typical form, or in a more or less Schillerized condition, 
these minerals of the Palseozoic peridotites are equally affected by 
changes of a totally different character and origin. In some cases 
the change consists in the addition of water, and the conversion of 
an anhydrous silicate into a hydrous one. In other cases, the 
change appears to be a purely molecular one, the conversion of an 
unstable mineral into a stable one. 

That the»e changes are produced at moderate distances from the 
surface where the minerals are affected by the percolation of atmo- 
spheric waters there cannot be any doubt. By the study of a suffi- 
ciently large series of specimens it can bo shown that the changes 
in question have reached their maximum in those cases where the 
exposure of the rocks to atmospheric influences has been greatest, 
while more deeply seated portions of the rook remain comparatively 
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uluiltered. ^^foroover, the change is, in many cases, seen to ho set 
up i’rora the surfaces or fissures of the minerals to which percolating 
atmospheric waters can most easily find access. It will be instruc- 
tiv(‘ to study the changes which the several minerals are found 
undergoing, under those circumstances, in the Palaeozoic peridotitos. 

Olivine is the mineral in the peridotilcs which undergoes 
change most easily, and in almost every case it is found converted 
into serpentine^ ; iiuh'od it is quite rare to find examples of the un- 
altered olivine in these Palmozoic rocks. The occurrence of unmis- 
takable ])seudomorph8 of serpentine after olivine, and the occurrence 
of particles of unaltered olivine in the midst of the serpentine 
masses, afford abundant evidence, however, of the fact that the 
serpentine is for the moat jjart altered olivine. 

\Vhen the olivine has undergone the changes described in the 
first part of this paper, and as a consequence contains stellate* 
tabular, and irregular enclosures of magnetite and other oxides, 
these are sometimes seen to persist after the hydration of the enclos- 
ing mineral. Put the conversion of the olivine into serpentine, as 
is well known, is usually accompanied by a separation of magnetite, 
the silica combined with the iron of the original mineral being pro- 
bably to some extent carried away in solution. In many cases it 
appears to be impossible to separate the mixed oxides formed during 
the Schillerization of the olivine from those liberated during its 
serpentiiiization. 

Ihe lihomhic Pyroxenes {Enstntites) undergo change much less 
rapidly than do the olivines. This is shown by the fact that in 
rocks which have originally consisted of olivine and enstatite, the 
former mineral is often entirely changed to serpentine, while the 
latter remains com])arativcly unaltered. 

The change which the enstatites undergo seems to vary in different 
cases. Mr. G. 11. A\'illiams has described an interesting example 
of the direct conversion of a ferriferous enstatite (hypersthene) 
into a brown hornblende *, But of this kind of change I have not 
found any examples among the numerous enstatites of the Scottish 
rocks. On the contrary, the change in the mineral appears usually 
not to be a simply molecular alteration, but to be the result of 
hydration. Thus in the cnstatite-basalt of a dyke at Carroch in 
Forfarshire, the fi^ie crystals of highly ferriferous enstatite are found 
passing along their edges and fissures into a green substance undi- 
stinguishable from that found in similar situations in olivine ciy^stals, 
and in some cases the whole crystal is converted into this substance. 
Again, in the serpentine dyke of the same district, the central and 
least altered portion consists of serpentine crowded with enstatite 
crystals, but in tho more altered portions of the same mass, the 
enstatite is seen to pass into serpentine t* 

* Araer. Joiirn. Sci. 3rd ser. vol. xxviii. (1884) p. 262. 

t According to my own experience, the rhombic pyroxenes are generally 
converted into a serpentinous material, while the aiigi'tes pass into a uralitic 
substance or directly into hornblende ; and I would venture to suggest that 
the crystals which Mr. Williams describes as changing into hornblende, in the 
passage referred to, may be pseudo-hypersthene, and not true hypersthene. 
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When the enstatite has been previousl}' Schillerizod, the charao- 
tcristic enclosures often persist after the scrpcntinizntion of the 
material in which they are enclosed. AN'e may thii^ sometimes 
infer the former existence of a particular mineral in a rock by the 
presence of the characteristic enclosures of tlio mineral in the midst 
of its alteration-products. 

The Monoclime Pyrovenes {Augitea) usually undergo only the 
molecular change by which they pass into hornblende's. Thus 
crystals of the dark brown ferriferous augitc of the Shiant-Islcs 
rock are seen passing into dark-brown hornblende with the charac- 
teristic pleochroism and cleavage of that mineral. It is worthy of 
notice, as pointed out by Williams that in these cases of the con- 
version of a pyroxene directly into hornblende the principal planes 
of the two minerals are parallel, and even the planes of twinning of 
the original may persist as such in the altered form f. 

When augite has been submitted to Schillerization before altera- 
tion the results are of a very different kind, as is so well seen in the 
saussuiite-gabbros or wurlitzites. By the collection of the iron of 
the mineral into the enclosures a substance is left which has the 
composition and optical properties of diopside, and this is altered 
into the green varieties of hornblende known as smaragdite and 
actinolite, while the separated iron-oxides crystallize by them- 
selves. 

On the alterations by weathering of the felspars and other acces- 
sory minerals of the peridotites it will not be necessary to dwell in 
detail, as they are not essential minerals of the peridotites. 

§ 2. Yarieties of tee Paljsozoic Peridotites. 

Of all the varieties of the peridotitc which we have described as 
occurring among the intrusive rocks of Tertiary age, representatives 
are found among the more or less altered Palaeozoic igneous masses. 

Hocks like the dunites, which are composed almost entirely of 
olivine, are by hydration converted into serpentine, and some of the 
very pure serpentine masses of Scotland were in all probability 
originally dunites. 

But since enstatite, as we have already seen, is, like olivine, also 
converted into serpentine, though somewhat more slowly, masses of 
pure serpentine may be formed by the hydration of olivine-enstatite 
rocks like Iherzolite. 

Admirable examples of such altered olivine-enstatite rocks have 
been described by Professor Bonney as occurring not only at the 
Lizard in Cornwall but at Colmonell in Ayrshire My own exami- 
nation of slices taken from this 8cr])entine leads me to conclusions 

* Amer. Journ. Sci. ser. 3, vol. xxviii. p. 204. 

t In some enses this conyersion of augite into hornblende takes place directly, 
the dicbroic hornblende appearing, as it were, eating into the non-dichroio 
augite. But in other cases the whole augite crystal appears to be converted 
into uralitic and fibrous hornblende, and this may change subsequently into 
common hornblende. 

J Quart. Journ. Gcol. 8oc. vol. xxxiv (187^) p. 700. 
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idf'ntical with those arrived at in this paper concerning the rocks in 
question. 

An equally striking example of a rock of the same class occurs in 
Forfarshire, near the town of Kirriemuir. This rockVas described 
in the year 1 825 by Sir Charles Lyell, after studying it with the 
assistance of Dr. Buckland, as a mass of serpentine forming a dyke 
which intersects the Old Red Sandstones and contemporaneous 
volcanic rocks of the district*. In 1875 1 had the advantage of 
studying this mass of serpentine under the guidance of Sir Charles 
Lyell. The dyke of serpentine can be traced running for a length 
of at least 14 miles, in an E.N.E. and W.B.W. direction, near the 
southern foot of the Grampians, and parallel to that range ; it is 
well exhibited in several deep cavities, cut by streams descending 
from the mountains, especially those of the Carity, the Prosen, and 
the South Esk. The dyke varies in width at different points from 
100 to 300 yards ; it encloses “ horses ” or masses of the rocks 
traversed by it, and is itself intersected by other intrusive rocks. 
It produces marked alteration on the rocks which it traverses t. 

At its sides the rock is a mass of serpentine, traversed by nume- 
rous veins of chrysotile and exhibiting no evidence of the minerals 
of which the rock was originally formed. But towards the centre, 
crystals of “ Schiller spar ” make their appearance, and the serpen- 
tine gradually passes into a hard crystalline mass which Lyell com- 
pared with the rock of the Cuchullin Hills, and called hypersthene- 
rock. 

Studied by the aid of the microscope, this central and least 
weathered part of the dyke is seen to be made up of serpentine, 
clearly pseudomorphous after olivine, and containing large crystals of 
a ferriferous enstatite in a more or less advanced stage of alteration 
into bostite and serpentine. In some portions of the central mass 
of the dyke the ferriferous enstatite prevails almost to the exclusion 
of the olivine, and we have a rock strikingly resembling the bronzite- 
rock of the Kupferberg, near Bayreuth, and of St. Stephan in Upper 
Styria (see PI. XIII. fig. 7). This is a type of rock which has 
not, I believe, been hitherto recognized in the British Islands. As 
we trace the rock outwards from the central mass, the alteration 
becomes greater, till at last all traces of the individual enstatite- 
crystals disappear, and we have a serpentine in which no vestige of 
the original mineral constituents of the rock can be distinguished. 
Among the dj kes which intersect the great serpentine-mass, I found 
one to consist of a coarse dolerite or augite-gabbro, while another 
is a very beautiful example of a hypersthene- (ferriferous enstatite) 
dolerite. 

The serpentines with altered bronzite, from the neighbourhood of 
Aberdeen are also altered olivine-eustatite rocks. 

When the older peridotites contain a considerable proportion of 

* Edinb. Journ. of Sci. vol. iii. (1825) p. 112. 

t I am much indebted to Leonard Lyell, Esq., F.G.S,, of Kinnordy, for 
several interesting series of specimens which he has sent me from this district. 

J See Hcddle, Mineralog. Mag. vol. v. pp. 4-C. 
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augitc, this mineral remains enclosed in tlie .sorpentiiie, or is con- 
verted into hornblende. In the latter case we have a rock of tlie 
same chiss as that described by Professor llonney, from North 
Wales and the Lake district*, as hornblende-picrite. Two examples 
of such altered i)icrites have been described in the neighbourhood of 
the Firth of Forth. 

The picritc which forms an eminence on the S.W. of the island 
in the Firth of Forth was discovered by ^ilr. Adie, and described 
first by Dr. A. Gcikie f, and subsequently by its discoverer The 
rock may be classed with the picrites, though it sometimes contains 
a not inconsiderable proportion of felspar. It is an interesting cir- 
cumstance that the olivine of this rock is sometimes only slightly 
serpentinized. The augitc is sometimes q\iite intact, but is some- 
times seen passing into brown hornblende. Some of tlie hornblende 
of this rock, however, may be original. The associ.atiou of augitc, 
hornblende, and biotite in the rock is of the closest kind, b»it it is 
difficult to say whether this association, in certain cases, should be 
interpreted as due to intergrowth or to paramorphic changes. I 
have been kindly supplied by Mr. T. Waller, of Birmingham, with 
the following analysis of this beautiful rock: — 


Silica 37*8 

Alumina 1)*7 

Ferric oxide 3*4 

Ferrous oxide 7*0 

Lime 4*1 

Magnesia 22*0 

Soda (with trace of jwtash) .... 0*8 

Loss on ignition 14*i) 


00-7 

As leucoxene occurs among the alteration -prod nct^s in the rock, 
titanic acid is certainly present ; it was not, however, specially 
determined in the analysis, and it has therefore been included in 
part with the silica and in part with the alumina. 

The specific gravity of this rock is 2*81. 

The picrite of Blackburn, near Bathgate §, which has also been 
describe by Dr. A. Geikic, resembles that of Jnchcolm in its 
mineralogical constitution, but is of especial interest to geologists 
on two grounds. If the interpretation given of the relations of this 
rock be a correct one, it affords an example of an nltrabasic rock 
occurring as a lava-stream, ana at the same time illustrates the 
possibility of the heavier minerals in a lava sinking to the bottom 
of it, so as to cause the lower portions of the stream to be of more 
basic character than its upper part. 

There is one of the older poridotites of Scotland, however, which 

* Quart. Joum. Q-ool. Soc. vol. xxxvii. (1881) p. 137, and xixix. (1883) p. 254. 

t Trans. Roy. Soc. Edinb. vol. xxix. (1880) pp. b()7, 508. 

J Cole’s Studies in Microscopical Science, vol. i. (1882) p. 45. 

{ Trans. Roy. Soc. Edinb. vol. xxix. (1880) pp. 504-507. 
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])U’seuts so many peculiar characters that it appears to me to be 
'SNorthy of special description. In some respects it apiiears to differ 
fium any rock of the class that has previously been described. 


§ The ScYELiTE (altered Mica-IIornblende-Picrite) op 
Caithness. 

This rock is of so remarkable a characier and affords so many 
sirikinfi^ illustrations of the lirinciples enunciated in the foregoing 
pages, that a detailed description of it seems to be called for. 

Jt occuis as a boss rising above the thick mass of glacial gravels 
on Achavaiasdale !Moor, situated in the Ileay country in the west 
of Caitliness, near to where that county borders on Sutherland. It 
a])pcais first to have attracted attention about fifteen years ago, 
when Sir Pobert Sinclair and Mr. Tait noticed its peculiar 
a])))carauce, and brought specimens of it to Thurso to submit to the 
late Robert Dick. 

Mr. David Gunn, of Thurso, and Mr. John Gunn, of Dale, near 
Halkirk, have taken much interest in this peculiar rock and its 
surroundings, and have sent specimens of it to different museums 
and to geologists in various parts of the country. To the former 
gentleman I am indebted for a carefully constructed plan, showing 
the dimensions and positions of the singular rock-mass, with a series 
of specimens taken from different parts of it ; to the latter I am 
under the very greatest obligation for specimens of the material in 
the best state of preservation and for much valuable information 
collected with much care and patience. 

The boss of highly glittering rock, which is said to rise about 
] 0 feet above the general level, is about 9 yards long from S.W, to 
N.E. and about 7^ ) ards broad from N.W. to S.E. It is surrounded 
by^a mass of disintegrated fragments derived from the some rock, 
which extends over a nearly circular area about 25 yards in 
diameter : cxcavati(-n to the depth of 5 feet in this disintegrated 
material failed to reach the solid rock. The bright silvery scales 
BO abundant iji the rock and the soil derived from it, together with 
the covering of grass with w'hich it is clothed, make the boss a very 
conspicuous object in the midst of the heath-covered moor. 
Prof. Heddle states that the rock which surrounds the boss on all 
sides is a ^‘syeiiitic gneiss but owung to the thick covering of drift- 
gravel the actual junction between the two rocks has not been 
reached in any of the excavations that have been made. 

Carefully selected specimens of the rock were sent to Mr. Hugh 
liobert Mill, R.Sc., F.I.C., and by him were submitted to chemical 
analysis in the laboratory of the University of Edinburgh. I have 
that gentleman’s permission to publish the results which he obtained. 
Three more or less complete analyses of the rock were made, giving 
the following results : — 
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I. 

Tl. 

in. 

Silica 

.. 41-74 

42-17 

42-01 

Total iron as ferric oxide .... 

.. 11-58 

lOSft 

10-92 

Alumina 

3<)8 

3-07 

3-48 

Magnesia 

.. 2(V8;i 


30-65 

Lime 

4-75 


3-77 

Manganous oxide 

•70 



Soda and potash 

4-85 

1-90 


Water and carbonic acid 

7*78 

719 

7-67 

Ferrous oxide 

3*63 

2-01 

2-40 


From a discussion of the results which the analyst considered 
most reliable, he gives the following as the composition of the rock : — 

Silica 42-10 

Alumina 3-28 

Ferric oxide 8-27 

Ferrous oxide 2-13 

Manganous oxide *70 

Lime 3*77 

Magnesia 30-65 

Soda and potash 1 -90 

Water and carbonic acid .... 7*73 

100-53 

The specific gravity of the rock was determined for me by Mr. 
Grenville Cole on the least altered specimen I could procure, and 
proved to be 2-82. 

The proportions of silica, alumina, magnesia, and water indicate 
that the rock belongs to the class of the ultrabasic rocks, and that 
it is in an altered and hydrated condition. 

The macroscopic appearance of this rock is very peculiar. It most 
nearly resembles some of the so-called - Schiller-spars,” especially 
the paler varieties known as diaclasite ; but closer examination 
shows that, as Prof. Heddlo pointed out, it is a perfectly unique rock. 

The most conspicuous mineral in the rock has a micaceous 
appearance, with a pale bronzy-yellow colour and a submetallic 
lustre. The rock breaks in large flat pianos, along the cleavage of 
this mineral, and in some cases these ]>lane8 of fracture cut one 
another at such sharp angles as to give the impression tliat the rock 
is made up of a number of large prismatic ciystals. At the request of 
Mr. L. Fletcher, to whoso advice and assistance 1 am greatly 
indebted in connexion with these studies, Mr. Miers, of the Natural 
History- Museum, made a series of measurements with the contact 
goniometer, the results of which were so discordant as to prove 
that these planes are neither crystal-faces nor i)lano8 of cleavage. 
The conclusion was confirmed by the study of large sections of the 
rock, which show that the micaceous mineral lies in different positions 
within each of the pseudo-crystals. 

Prof. Heddle regarded the micaceous mineral as talc *, and he 
states that the rock is made up of that mineral, with augite, some 

♦ Mincralogical Magazine, toI. v. (1884) p. 266. 
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serpentine, and magnetite. But while the hardness of the micaceous 
mineral is very variable, depending on the extent of alteration it has 
undergone, I found it, in fresh specimens, to be no less than 3 of Mohs* 
scale. The specific gravity was determined, by taking the density 
of a solution of the boro-tungstate of cadmium, in which particles of 
the mineral remain just suspended, to be 2*8 ; examined with the 
blowpipe it is found to be extremely infusible, only the very thinnest 
splinters showing traces of whitening and fusion on the edges after 
prolonged action with a powerful flame. In the blowpipe-beads it 
gave a faint iron-reaction. It is scarcely acted upon at all by 
either boiling hydrochloric or sulphuric acid. 

The general appearance arid many of the properties of this 
mineral so strongly resembled those of the altered enstatites 
(diaclasite or bastite, &c.) that I was for some time inclined to 
refer it to one of those species. This conclusion appeared to be 
confirmed by a study of slices under the microscope ; for while its 
extinction appeared to be that of a rhombic mineral, it was seen to 
contain great numbers of tabular inclusions, like those found in, 
and often regarded as characteristic of, enstatite, bronzite, and 
hypersthene. A thin flake of substance which was examined by 
Mr. Fletcher in a polariscope with convergent light seemed to indi- 
cate that the mineral is a uniaxial one, however, and I accordingly 
determined to attempt to isolate the mineral and submit it to analysis. 

The isolation of the mineral proved, in this case, to be a task of 
considerable difficulty. From the powdered rock the magnetite and 
the minerals which adhered to it were removed by an electro-magnet. 
The irregular grains of serpentine, it was found, could be separated 
from the flaky particles of the micaceous mineral and of hornblende 
by repeated washings in water. But the latter two minerals 
were found to be only very imperfectly separated, owing to their 
similar density, by the boro-tungstate solution ; and enough material 
for a partial analysis could in the end be only obtained by laborious 
picking under the microscope. I am greatly indebted to my 
assistants in the geological laboratory of the Normal School of 
Science, Mr. G. Cole and Mr. W. Atkinson, for the patience and 
care with which they carried out this process of separation and the 
subsequent chemical operations. These operations were necessarily 
performed upon extremely small quantities of material, so that the 
results obtained from the several different determinations did not 
show a very close agreement. They were, however, sufficient to 
prove that the mineral had a composition which may be approximately 
represented as follows : — 


Silica 38*0 

Alumina 13*0 

Iron oxide calculated as ferric oxide .... 4*5 

liime 5*0 

Magnesia 24*0 

W ater 6*5 

Alkalies ? by difiercncc 3*0 
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It will be observed that this analysis differs from that of biotito, 
the only uniaxial mineral which sujrgests itself for comparison, by 
the low proportion of ferric oxide (whii*h is only to some extent 
compensated for by the hijcher aluuiina-pta-contage), hy the large 
proportion of lime and water, and the ])rol)ably low j)erceiitage of 
the alkalies. 

Under these circumstances it became necessary to make as accurate 
an examination of the optical properties of the mineral as was 
possible, and in doing this I had the great advantage of the advice 
and assistance of ^Mr. L. Fletcher. Flakes of the mineral wore 
mounted in Canada balsam, and examined by means of a microscope 
constructed by Nachet, of Paris, on the pattern described by 
MM. Fouque and Michel Levy*. This microscope has the great 
advantage of permitting the interference-figures, exhibited by 
the polariscope with the converging system of lenses of llertrand 
and von Lasaulx, to be examined even with the highest powers. 
We found in this way that not only was the mineral practically 
uniaxial, but that even when compared with other so-ctiUed uniaxial 
crystals, like the Vesuvian meroxene, for example, the interference- 
figures indicate an excessively small axial angle. The only niiwi 
with anything like so small an axial angle which wc were able to 
find was a remarkable pale-coloured, silvery biotite from Easton, in 
Pennsylvania, which does not ap{)ear to have been analyzed, though 
its optical characters have been described by Blaket. 

In the determination of the other minerals in the rock, far less 
difficulty was experienced. 

The most abundant constituent of the rock, as seen in thin sections 
under the micro8CO|)e, was found to be a green hornblende. In the 
greater part of the rock the characters of this mineral were clear 
and unmistakable. By transmitted light its colour is a very ]>ab* 
green, and its pleochroism, though distinct, was by no means vivid. 
Basal sections afforded the means of measuring the angle of the 
principal cleavages as exhibited in well-marked cleavagf* cracks, and 
left no doubt as to the specit^s of the mineral, and this is confirmed 
by its extinction-angle. In many places the hornblende is very 
clear and fresh-looking, and free from inclusions of all kinds except 
the grains of magnetite scatteied through it. But in places tliis 
pale green mineral exhibits traces of the jKiculiar tabular inclusions 
of diallage, and in such portions <»f the crystals the extinction-angle 
indicates that we are dealing with an augite rather tliaii with u 
hornblende. The conclusion to which 1 am led by the study of a 
large scries of pre])arations of this rock is, that tlui mineral was 
originally augite, that it was by Schillerization converted into dialljige, 
and that subseijuently this diallage was amphiholized. Tn many 
slices of the rock, however, the mineral is a p(*rfeotly clear and 
fresh-looking hornblende, and exhibits no trace of its secondary 
origin. 

Enclosed in the hornblende, and often penetrating into its fissures, 

* 31nu'talogie Micrograpbique* (1H70). p. 27. 

f Amor. J(mrn. »S*i. v<»l. xii. ]». (>. 
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is a dark-green serpentine. Examined with high powers of the 
microscope, this serpentine is seen to be filled with black and brown 
enclosures, some rod-like and stellate in form, others of a tabular 
cliaracter. Sometimes these inclusions are arranged in one set of 
parallel planes only ; in other cases they lie in two sets of planes 
intersecting one another. There can be no doubt that much of this 
serpentine is pseudomorphous after olivine ; but some of it may 
replace enstatite. 

The micaceous mineral presents very different conditions in 
different portions of the rock. Most frequently it appears to have 
been changed into a creamy yellow, amorphous substance, which by 
polarized light shows all tlie characters of an alteration -product ; 
but in the fresher examples of the rock it exhibits the peculiar 
outlines and the strong basal cleavage of a mica. From ordinary 
biotito, however, it is distinguished at once by its pale colour, a 
faint buff-yellow, and its feeble pleochroism, which is, however, 
sufficiently well marked to be unmistakable. In places the fresher 
part of this mineral is rendered black and almost opaque by the 
abundance of tabular inclusions which it contains ; these appear to 
be arranged in planes parallel with the basal plane, that is to say 
in the direction of the principal cleavage. The distribution of these 
inclusions is strikingly local, some parts of the mica crystals being 
almost entirely free from them, while in adjoining portions they 
have become so frequent as to entirely destroy the translucency of 
the crystal. 

Small grains of magnetite are found scattered through all the 
minerals of the rock ; but of accessory minerals there are only a few 
traces. Very rarely indeed could any minerals be detected which 
might be regarded as alteration-products of felspar. 

By drawing, with the aid of a camera-lucida, the outlines of the 
crystals in a section of the rock, and cutting out and weighing the 
fragments of paper representing each mineral, an estimate was 
formed of the proportions which the several minerals bore to one 
another in the rock. The operation, repeated in the case of a 
number of sections, so as to afford a good general average, gave the 
following percentages ; — 


Hornblende 58*5 

Serpentine 22*0 

Altered mica 1 8*5 


Magnetite and accessory 
minerals 

This result appears at first sight very different from what might 
bo expected from a macroscopic inspection of the rock, which would 
load one to regard the conspicuous mica as the predominant con- 
stituent. But minerals with a strong cleavage like mica are verj* 
apt to make a much greater show on fractured rock-surfaces than 
their actual abundance in the rock entitles them to do. 

The microscopic structure of the rock is a very marked one. The 
hornblende-crystals enclose rounded grains of serpentine and crystals 
Q.J.G.S. No. 163. 2 p 
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of mica. The horiibloiule ocoupics pnn isuly th« same relation to 
these minerals as the autrite does to the oluine in the peinlolitos of 
the Shiant Isles. The structure of tin m‘\ elite* is i ten*ion* di8tiii( <]> 
opliitie. 

The study of this rock leads to the eonclusion that, in spite of 
the clear and fresh ajipearanee ot mo.st of the miio rnls of which it 
is made up, they are all of secondary oriirin. 

The hornhlonde is a paramorph after aimite, -onie at lea^f of 
which had been provioush converted into (liall.ur< . ^ er\ similar 

hornblende occurs in some exami)les of the pieritt* tU’ Scliriehln'im, 
and this rock exhibits, as IVofessor ]loniu*v observes, e^ery ^^radation 
from aiigite to hornblende 

The serpentine of the rock clearly replact‘8 olivim*, and in some 
cases probably enstatite aljv), as is indicuited by tin* p(*t'uliar nature 
of the enclosures, which olUui |>erMist and retain their form after the 
hydration of the enclosing mineral. 

Whatever the micaceous mineral should now be called, it apfiears 
to have been originally a highly magnesian hiotite, that is to say 
an approximately uniaxied mica. Its pale colour and feeble 
pleochroism appear to be clearly related to the low percentage of 
iron which it contains. 

Another peculiarity in this mica is probably the replacement of much 
of the alkalies by basic water. How far these peculiarities of the 
mineral arc original, and how far they arc of secondarj' origin, it 
may be difficult to determine, llie abundant tabular enclosures in 
the mineral j)oint to the conclusion that Schillerization, or the dis- 
solving-out of the iron and its collection into the hollows of negative 
crystals, has gone on to a considerable extent. Tt was proba])ly at 
the first a hiotite, very rich in magnesia and poor in iron, with the 
potash largely rci)laced by basic water ; but some of the iron and 
the alkalies have not improbably been removed during the process of 
Schillerization. 

That such biotites with a low percentage of iron not urifrecjiiently 
occur in the ultra-basic rocks is liiglily probable. 1 have found a 
mica similar to that of the sej elite in several altered j)eridotitcs, 
among others some varieties from Sehriesheim. Thci mineral may 
easily be mistaken for an altcn‘d enstatite, from its optical properties. 

Dr. Heddlc has analyzed a mineral occurring in tho serpentine of 
Milltown, Glen Urquhart t, whicli appears to be analogous to tho 
hiotite of the scyelite. The mineral is stated to be pale green or 
nearly white in colour, to have a specific gravity of 2*781, and to be 
associated with large pjib crystals of hornblende. 

The analysis is ns follows : — 


♦ Quart. Journ. Gcol. Soc. vol. xxxix. (188.‘>) p. 2r)f). [Professor Cohen has 
recently pointed out that the mineral formerly taken for diallage in the 
Schriesheiuj picrito is rcjilly hornblende (Neues Jalirb. fur Min. 1885, vol. i. 
p. 242).] 

t Trans. Roy, Soc. Edinb. vol. xxix, (1880) p. 18. 
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Silica 40*307 

Alumina 12*582 

Ferric oxide 1*809 

Ferrous oxide 3*335 

Manganous oxide 0*384 

Lime 7*581 

Magnesia 21 *000 

Potash 6*561 

Soda 0*953 

Water 5*738 


100*250 

The small proportion of the iron-oxides and the quantity of lime 
suggest a resemblance to the mineral of the scy elite. This pale- 
coloured mica is said to pass into a lustrous brown variety of 
ordinary biotite, containing 4*913 per cent, of ferric oxide and 19*802 
of ferrous oxide. 

Nowhere perhaps wrould it be easy to find a better example of 
the different changes to which the minerals of igneous roc^s are 
subject. If our interpretation be correct, the scyeUte was originally 
a picrite with well-marked ophitic structure, made up of augite, 
enclosing and intercrystallized with grains of olivine, with some 
enstatite, to which was added a considerable quantity of a highly 
magnesian biotite. 

The first change to which this rock was subjected was clearly due 
to deep-seated action, and resulted in the conversion of a part, at 
least, of the augite into diallage, in the development of tabular and 
other enclosures in the olivine and enstatite, and in a similar change 
in the biotite. 

Subsequently to this, and under totally different conditions, a new 
set of changes was brought about in the rock. The augite was 
converted into hornblende, the olivine and enstatite into serpentine, 
and the mica became more or less hydrated, losing in some parts of 
the mass its physical and optical properties. Yet during all these 
changes the f )rm and relations of the original minerals were not 
destroyed, and in the later alterations the structures produced by 
the first set of changes wore so far spared as to admit of our deci- 
phering the history of this singular rock. 

SUMMART OF ReSXJLTS. 

From the observations described in the preceding pages, it appears 
that many rock-forming materials may be made to assume now and 
unfamiliar aspects by the development of enclosures along certain 
planes within their crystals. In this way the augites are converted 
into diallages and pseudo-hypersthenes, and the ferriferous enstatites 
into bronzites and the varieties to which the name of hypersthene 
was originally applied ; similarly, olivine passes into a black, opaque, 
fissile mass, which has frequently been taken for magnetite, and the 
felspars acquire avanturine and chatoyant characters. For the process 

2 F 2 
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bv which this has ht‘tm hr»>ijtrhf aiM.ut Jhi* • of “Schillcri/n. 

tion” is pnipostHl, and diallap' and mniinun h} sTsthottc htv showi* 
to he Schilleri/cd fornn of a«;;iir ,iiid terrifon ih oontatito tomk'c' 
tivoly. In the rase of Mtme mint mis and i »tnhly th»^ ^hoiidjic 
p\rox«'nes, the altend forms am noirh m«r«' tamditp to ini»u.r« 
than the unaltered. 

The enelosums which t xiM in tfn*'*- NhiJIeriV'd minoralK, pviriff 
rise to their peculiar colour, lu-'tro, and sh<«ri tn* nt iho nature 
of negative crystals, more or h*-'* eomplcfely filhd with produets of 
deeonijH>sition, such as h}drnfi*«i sdiea and hM-'at<d ferric oxide. 
"When the.se i.SiUropic mixture" fill the whole ea^ f> nf the nepifjvo 
crystal, the encl<»sures tr to havi definite try "tfilhne tornis ; 
in' many instance's, however, they form [lafehe** uith ttum* or less 
irregular outline", partially tilling the hollow oi tin negative cryMal; 
and sometimes th(* crystalline force's have come into jday and have 
caused them to as.sume dendritic’* forms within the cavities where 
they are de]>osited. These negative crystals, wi*h thf ir contents, 
vary greatly in size, from ohjV'cts x’isihle to the nakcnl (*ye down to 
finch as can only just bo recognized by the highest powers of the 
microscope, xvhile thero arc probably others which are ultramicro- 
ficopic in their dimensions. 

The production of the »Schi]lerij5od condition in minerals is shown 
to bo related to the depth at which the cryst nls have originally 
existed in the great central cores of the Hebridean volcanoes. The 
Schillerized forms of the minerals are only found in deep-seated 
intrusive rock-masses ; hut the con^’ersc of this .statement is not true, 
for in deep-seated rocks this change is sometimes evidently local, and 
some of the crystals may have altogether escajied it. The degree 
of Schillerization incrcasi's also with the depth at which the rock 
has existed. 

An eflScient agent for the production of this Schillerization, that 
is the formation of negative crystals and their more or less complete 
infilling with decomposition-jiroducts, is pointed out in the solvent 
action of heated water and other fluids acting under greiit pressure. 

This solvent action takes jilacc most readily along certain planes 
within the crystal, and these directions of greatest susceptibility to 
chemical action differ from those of easiest fracture (eUwage-jdanes) ; 
the positions of such planes are perhaps also dependent to some extent 
on twin-structure, facts for wliich we wore pn'juirerl by the closely 
related phenomena of tlio A^tzfifpirm, "Wo have liere, in fact, the 
phenomena of the Aetzfufurin seen in three dimensions — that is to 
say, displayed in a solid instead of on a surface. 

In some cases the secondary products contained in the negative 
crystals seem to be derived from the mineral in which the hollow^s 
occur ; in other cases, as in the felspars, it is clear that they must 
have been, in part, brought from outside the crystals affected. 

The p^ial solution of minerals which results in the formation of 
negative crystals within them often brings about great changes in 
the colour, in the plcochroism, and in the positions and relations of 
the optic axes of the original crystals. It is probable that the iron- 
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silicates are among the first to be attacked by the solvent agents, and 
the products formed by their decomposition are the first to be de- 
posited within the negative crystals. 

'I'o the same cause, the presence of water and other liquids under 
pr(‘ssuro, wo must assign the formation of a network of cavities 
along fissures of the crystals of rock-forming minerals, these 
cavities containing, in some cases, liquids with bubbles, and in 
others solid substances which have crystallized within them. 

While these networks of cavities sometimes lie along actual 
fissure-planes in the crystal, in many other cases they form bauds 
traversing the crystal where no actual rupture can be seen to have 
taken place. These bands of cavities probably indicate portions of 
the crystal which have been in a condition of intense strain, along 
which, according to a well-known physical law, solvent agencies 
operate with greater force than elsewhere. The same band of 
enclosures (marking a plane of strain) is often found traversing a 
number of adjoining crystals in a rock. 

The change by which certain felspars acquire their beautiful 
play of colours is analogous to that by which the avanturine appear- 
ance, or Schiller, is acquired ; but the former alteration appears to 
be an ultramicroscopic one. It probably consists of the development 
of thin plates of hydrous silica in a set of parallel planes within the 
crystal. Like the Schiller structure, it is characteristic of minerals 
which have formed parts of deep-seated rooks. 

The twin-lamellae found in most plagioclase felspars appear not 
to be necessary and original structures of the crystals, but to have 
been developed in them by strain, like the similar twin-lamellie in 
the rock-forming calcites. While some of those twin-lamellae are 
probably produced by the stresses and strains set up during the^ 
cooling of a crystal after its first formation, as was illustrated ex- 
perimentally by Foerstner, others among them are clearly of long 
subsequent date to the consolidation of the rock, and have been 
developed by the mechanical forces which have affected the whole 
rock-mass leading to the formation of cracks in the crystals which 
compose it. 

By JSchillerization the most striking mimicry of one mineral by 
another may be produced. Thus the first stages of the Schillcrization 
of the monoclinic and rhombic x)yroxenes are diallage and bronzite 
respectively, minerals which have been constantly mistaken for one 
another ; by a further change the same minerals may in turn pass 
into psoudo-hypersthene and true h3^persthene, minerals which 
present the most striking similarity^ in their colour, lustre, and also 
in their general aspect, when viewed in thin sections, and can only 
be distinguished by their optical properties. 

All the minerals, whether in their normal form or in their Schil- 
lerized condition, may be converted into their pseudomorphs ; and 
this change is not always a molecular one only (paramorphism), but 
is sometimes accompanied by hydration due to the action of water 
penetrating from the surface or by other changes in their compo- 
sition. Under such conditions augite is converted into hornblende, 
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enstatitc into hastito, and olivine into serpentine. 'rbos(' changes, 
which are quite distinct in their nature and ihoir origin from 
Schillerization, may be greatly modified, however, by the alteration, 
due to deep-seated action, which the minerals have i)r(wiously un- 
dergone. 

As diallage is only an altered form of tiugite, it is impossibh* to 
maintain as a separate class rocks w'hoso only distiiution is the 
presence of that variety. Hence, as many petrographors have* 
admitted, it becomes difficult to accept the minoralogicjil distinc- 
tion between gabbro and diabase. The name gabbro is so con- 
venient, that its retention is advocated for all the most perfectly 
holociystalline (granitic) varieties of basic rocks, whether the augito 
is in its normal condition or its Schillerizod form (diallagc). Tho 
name diabase may be more conveniently employed for altered forms 
of dolerite. 

In many cases the process of Schillerization has resulted in the 
conversion of tho olivine into a black and opaque substance, often 
mistaken for magnetite. Many of the gabbros supposed to contain 
no olivine in reality have their olivine in this curiously altered 
state. The class of the olivine-gahbros is much larger tlian is 
usually supposed, and the group of gabbros without olivine is 
proportionally restricted. 

It has been shown that in the Western Isles of Scotland there 
exists a series of iJtra-basic rocks of Tertiary age which exhibit all 
the essential features of the ultra-basic rock^^ of i>re-Tertiary age, and 
like them may be classed under the varieties of dunite, Iher/olite, 
picrite, eucrite, and troctolite. These rocks are most intimately 
associated with the gabbros and doleritcs of the district, an 
association which finds an exact parallel in tho case of their older 
representatives. 

The study of the remarkable changes which tlio minerals of 
these rocks undergo, as they are traced to successive depths from tho 
original surface, is greatly facilitated by tho tact that, in consequence 
probably of the late period of tlieir eruption, tluw havt* suffered but 
little from agents acting from the surface. In many cases tho 
felspars exhibit no trace of kaolinization, the augites arc fresh and 
show no signs of uralitization, and the olivines are not in the least 
scrpeiitinizcd ; thus tho changes whicli are due to the action of deep- 
seated waters are not in the least degree complicated with, or 
concealed by, alteration of a totally different character and 
origin. 

But in tho masses of peridoiite of Palajozoic age whicli are 
scattered about Scotland quite opposite conditions prevail. Tho 
dunites are converted into serpentine -rock, the Ihorzolites into 
ha8tite-ser|)entinc, the enstatite-rocks into hastite-rocks, and the 
augite-picrites into homblende-picrites. But, in all these cases, a 
careful study of the altered materials shows that originally they 
were identical in minoralogical constitution and in structure with 
the peridotites of Tertiary age. 

In the scyelite of Caithness we have a very interesting oxamplo 
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of fin ultra-basic rock of a new and hitherto nndescribed type. It 
was originally a mica-picrito with strongly marked ophitic structure, 
and exhibits evidence of some of its minerals having undergone 
Scliillerization ; but at the present time all the original minerals 
are represented by their psoudomorphs — augite by hornblende, olivine 
and enstatito by serpentine, and biotito by a curious hydrated 
form of that mineral. 

The recognition of certain characters in the rock-forming minerals 
as being original and essential, and tlic distinction of such from other 
characters which are secondary" and accidental, is of the highest 
importance to the petrographer and geologist, and not less so to the 
mineralogist. 

Eightly studied, these minerals are capable of furnishing 
the geologist with evidence not only concerning the mode of 
origin of the rocks of which they form a part, but also of the 
changes which they have undergone since their first formation. The 
study of the minerals included in the crystalline rocks is not less 
important than that of fossils in the sedimentary rocks. And to 
the mineralogist the study of the secondary characters of minerals, 
and of the causes which have produced them, is equally necessary, 
llesearches of this kind, indeed, can scarcely fail in the end to 
reduce many so-called mineral species to the rank of accidental, 
though still highly interesting, varieties. But of still greater impor- 
tance is the recognition of the fact that the investigation by the aid 
of the microscope of the processes by which minerals have acquired 
their several characters, and the consequent tracing of the evolution 
of mineral species and varieties, is calculated to raise mineralogy 
from its present rank as a merely classificatory science, to infuse it 
with new life, to open out to it new realms of research, and to invest 
it with a higher importance than is at present accorded to it in the 
family of sciences. 

EXPLANATION OF PLATES X.-XIII. 

PliATl] X. 

[Note, — Some of the details of these figures can only be distinctly seen by 
employing a low-powered magnifier.] 

Pig. 1. A crystal of felspar from a gabbro-vein traversing dunite at Scuir na 
Gilean, Isle of Bum, viewed by polarized light with a mngnifying- 
power of 35 diameters. This crystal admirably illustrates the con- 
clusion that the lamellar twinning must be regarded as a secondary 
character of the plagioclasc felspars. A large portion of the crystal 
is quite free from any trace of the lainellar twinning. The crystal is 
traversed by a number of erneks, and between the cracks lamellar 
twinning is seen in some cases to be developed. An examination of 
the relations between the fissures and the lamellar twinning is con- 
clusive as to the non-existence of many of the twin-structures before 
the formation of some of the fissures which traverse the crys^. 
This section also illustrates the manner in which lamellar twinning 
is frequently developed along two different sets of planes in plagio- 
clase felspar, and that these two sets of twinnings sometimes inter- 
sect one another. The way in which these twin -lamellae are found 
starting irregularly at certain points in the crystal, and dying away 
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in tliountwinned portions, like the similar twin-structures artificially 
produced in caleite, is also seen. Some of those twin-structures may 
niiTe been developed by the strains set up in the cooling-down of the 
crystal, others were probably induced by the movements in the rock- 
mass which produced the fissures in the crystals that built it up, 
(See j>iiges 3i>4-3()6.) 

2. Section of felspar in troctolite from Halival, Isle of Rum. Magnified 

225 diameters. This crystal exhibits the Jirst of alteration in 

tlie felspars. It is traversed by numerous cracks, and along tliese, as 
well as in other parts of the crystal, many liquid- and gas-cavities 
have made tlicir appearance. Some of these cavities, which are of 

, considerable size, are particularly interesting from the fact that they 
are seen by their regular forms to be negutive ergsfah. In some 
cases the infilling of the.se cavities witli solid substiinces has clearly 
commenced. ({See pages 375, 370.) 

3. Section of felspar from the olivinc-gabbro of Loch Coruiekh, Isle ofSkye. 

Magnified 22.5 diameters. T'his felspar is in a more advanced state of 
alteration. The cavities lying along lines of fissure or strain a^'C 
much more numerous and are in almost all cases filled with dark- 
coloured products of decomposition. In addition, we see the first 
traces of ^c^v minute dnrk-coloin ed tabular enclosures (negative 
crystals filled with decomposition products) making their appearance 
along one set of jiarallel jdanes within the crystal. (See })age 376.) 

4. Section of feLpar from the ohvine-gabbro of Ardnamurclian. Magni- 

fied 225 diameters. This section shows hands of cavities, some of 
which are partially filled with .solid materials, and tiro series of 
tabular enclosures (infilled ncgainc crystals) arranged in two sots of 
parallel planes which intersect one another nearly at right angles. 
(See page 376.) 

6. Another section of felspar from the same rock as the last, showing the 
enclosures arranged in two sets of ])lane.s, as in tlie former example, 
with the addition of a ttarct series intersecting them. This section is 
also magnified 225 diameters. (See page 376.) 

6. Section of felspar from the olivine-gabbro of Loch Corinskli. Magni- 

fied 225 diameteiv. Tins slums irregular enclosures filling ca\ities 
which lie along eraek.s and scattered irregularly through the crystal ; 
also tabular enclosures arranged along no less than ^/irc different 
inter-sectintf planes iii the cry .“Uni, namely, tw o pinacoidal, tw'o pris- 
matic, and one ba.sal 'I'lie first four are seen in section, the last in 
plan. ljesideFtlie.se there are cloudy jiat dies in (he crystal, which the 
highest powers emjdoyed are only partially capable of resolving 
into similar but mucli more minute eiielo.su res, (See page 37f».) 

7. Section of an c\ce8si\ely altered crystal of felspar from the olivinc- 

gabhro of Ardnamurehan. Shown with a magnify ing-power of 225 
diameters. The whol^* of the felspar exhibits a rich brown tint from 
the abundance of foreign enclosures w’hich have b(*en developed in it. 
These enclosures form nebulous-browu patches, whicli, with the very' 
highe.st powers of the microseojie, ciin only be partially resolved into 
irregular solid parti<*les lying in cavities of the crystal, and tabular or 
bacillar enclosures, filling negative crystals and developed along a 
number of planes w’ithiii the felspar. In other portions of the 
section, the enclosures an* sufflcieiilfy large to be rendered vi.sible by 
the power employed. A furllier eoneent ration of the docomjKisition- 

J mxliicts has taken place in places, leading to the fonnatioii of dendriti- 
brm accumulations of the iron-oxides, &e. Although the crystal is so 
greatly altered, the characteristic lamellar tw inniiigcan bo observed in 
certain portions of it with the aid of the polariscope. This lamellar 
twinning has evidently influenced the action of the solvent forces in 
eating out negative crystals along certain planes, and in infilling them 
with decomposition -product 8. This example affords an easy transi- 
tion to the chatoyant felspars, in which the secondary structures are 
tt/fra-microseopical. (See pages 376, 377.) 
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Plate XI. 

Fig. 1. Fissures and incipient fissures in the \ery fresh brown augite of the 
ophitic dolerite from tiie Shiant Isles, showing the development of a 
reticulation of cavities along the lines of fracture and strain within the 
crystal. Most of these cavities are empty, or contain liquids in which 
bubbles may sometimes be discerned ; but a few of them appear to be 
filled with solid substances. These cavities are very minute ; they are 
shown as seen with a magnifying-power of 500 diameters. (See 
page 378.) 

2. More altered brown augite from the picrite of central Rum. The 
cracks and bands indicating strain are more numerous than in the 
last example, and are marked by lines of cavities of much larger 
dimensions, the cavities being in almost all cases filled with solid 
decomposition-products which are dark-coloured and opaque. The 
section is shown as displayed by a magnifying-power of 75 diameters. 
(8oe page 378.) 

8. Two crystals of augite from the olivine-gabbro of Loch Coruiskh, Isle 
of Skye, showing the conversion, to a different extent in the two 
cases, of this mineral into diallage. The action by wliich enclosures 
are de\ eloped along planes i)ar}illel to the orthopinacoid is clearly 
seen to be set up from the oxvter mrface of the crystal. The centr^ 
parts of the crystal have all the characters of ordinary augite, while 
the peripheral jmrtiona are cou\crti‘d into true diall.ige. The objects 
are figured as seen with a magnifjing-power of 50 diameters. (See 
page 371) ) 

4. Crystal of true diallage (foliated augite) from the olivine-gabbro of 

Beinn More, Isle of ^lull. At one end of llie crystal the develop- 
ment of another series of enclosures along tlie clino-pinacoid has 
commenced, convei’ting the crystal into )>seudo-hypersthene. Seen 
as magnified 100 diameters. (Sec page 379.) 

5. Portion of crystal of augite from the oliviiie-gabbro of Loch Coruiskh, 

Isle of Sk} 0 . This example shows that the (level opment of enclosures 
takes place luost abundantly along lines of cracks and in tlieir imme- 
diate vicinity. Iwo sets of enclosures are in course of development 
ill this case— one parallel to the orthopinacoid, and the other parallel 
to the clino-pinacoid. Seen with a magnifying-power of 75 diameters. 
(See page 379.) 

6. Structure of the iiseudo-hyperstheno from the olii iue-gabbro of Loch 

Coruiskh, Isle of Skye. Represented as seen with a magnifying- 
power of 225 diameters. Two sets of enclosures are seen in section, 
l}ing in planes nearly at riglit angles to one another. A third 
much less perfect series of enelosures, with irregular outline, is ex- 
hibited lying probably parallel to the basal plane. (See page 380.) 

7. Crystal of highly ferriteroiis eiistatite (amblystegite) Irom the olivine- 

gabbro of Loch Coruiskh, Isle of Skye. The crystal exhibits only 
the first traces of Schillerization. It exhibits the very strong pleo- 
chroisni and the rhombic extinction characteristic of the specjies to 
which it belongs. Caiitics filled with solid enclosures are developed 
in great numbers along the lines of crack, and a few tabular en- 
closures are developed along one set of parallel planes, so that the 
mineral is» seen to be passing into the bronzite-iuodifieation. The 
crystal is show n magnified 39 diameters. (See page 380.) 

8. Crystal of altered ferriferous enstatitc, enclosing both felspar and 

diallage, from the olivine-gabbro of Loch Coruiskh, Isle of 8kye, 
The crystal is slightly serpentinized in places. This crystal exhibits 
the bronzite-modili( 5 ation over the greater part of the section, one 
very conspicuous series of enclosures, seen in section, being well 
developed in it ; hut here and there a second set of entdosures, also 
seen in section, and a third, viewed in plan, are also exhibited. The 
crystal therefore illustrates the transformation of the bronzite- 
modification of enstatite to the hypersthene-modification. Mag- 
nified 100 diameters. (See page 380.) 
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Fig. 9. Section of a crystal of typical hypersthene from Labrador, seen with a 
magnifying-power of 30 diameters. Throe sets of tabular enclosures, 
which are of extraordinary dimensions, are seen in this section, two 
in section and one in plan. One set of enclosures, seen in section, 
is very persistent over the whole area; a second, nearly at right 
angles, is developed along certain bands, probably of strain ; and the 
third, soon in plan, are idso crowded along the same lines. The en- 
closures seen in plan have often one straight edge (due to the limits 
of the negative crystals in which they are developed) ; but on the 
other sides they are irregular in outline, owing to the secondary 
materials of which they are formed not entirely Ailing the negative 
crystal. The material of the crystal in which these enclosures lie 
has lost nearly everj tnice botli of colour and of pleochroisin. (See 
page 380.) 

Plate XII. 

Pig. 1. Bepresents the surface of a crack traversing a crj'stal of olivine in the 
gabbro of Halival, Isle of Rum, as seen with a magnifying-power of 
225 diameters. Tlie irregular cavities sometimes contain a liquid 
and bubble, and at other times are empty; more usually, however, 
they are filled, to a greater or less extent, with dark-coloured, solid 
materials which appear to be decomposition-products. By the 
use of very high powers and special means of illumination fine 
reticulating tubules can be detected uniting mau} of these cavities. 
(See page 382.) 

2. Shows the surface of a crack traversing an olivine crystal in the picrite 

of central Rum. In addition to cavities filled with decomposition - 
products, wc find a beaiitifid dendritic network of magnetite and 
other oxides, spreading itself over the surfaei* of the crack. The 
object is shown as it appears with a magnifying-power of ItX) dia- 
meters. (Sec page 3s2.) 

3. Portion of crystal of olivine from the picrite of central Rum, magnified 

50 diameters. Showing enclosures al(>ng cracks filled with solid 
substances, as in fig. 1 ; dendritic ramifications of magnetite over 
the planes of cracks, as in fig. 2 : and, in atldition, numerous en- 
closures in negative crystals arranged in a hcrien of parallel planes 
traversing the crystal. (See page 382 ) 

4. Very large and beautiful examples of the stellate bodies lying within the 

negative crystals in olivine, from the picnto of Halival, Isle of Rum. 
Magnified 7.') diameters. In the crystals on the loft, the stellate en- 
closures are viewed in plan and their forms are well seen ; in the 
crystal on the right they are greatly foreshortened. When the 
plane of the 8t‘ction i.s at right angles to that of the piano parallel to 
which the negative crystals lie, tlio enclosures appear as fine dark 
lines. This section also shows the lines of cavities filled witli solid 
substances passing along cracks in the olivine-crystals. (See page 
382.) 

5. A series of examples of very fine and large stellate enclosures in olivine 

from the picrite of Halival, Isle of Rum. Magnified 225 diameters. 
(See page 385.) 

6a, Illustrates the first stage in the formation of the stellate cnclosurcH in 
the negative crystals in olivine. The ramifying rods of magnetite 
&c. arc assuming a rad ate arrangement, but have not united with one 
another. 

65. Shows a very large and perfect stellate enclosure ; the edgi^ have not 
extended to the limits of the negative crystal, and therefore are 
not bounded by regular linos. 

6c. Shows two stellate enclosures, the growth of which has been interfered 
with by the sides of the negative crystal. They also illustrate the 
tendency of the stellate enclosures to pass into tabular ones by 
additional deposits between the rays of the star. 

6d, Illustrates the effects of foreshortening on the apparent forms of these 
stellate enclosures. 



OLDER rEim)OTTTES OF SCOTLAND. 


415 


Fig, 6, Crystal of olivine, with magnetite developed along the cracks and in- 
vading the substance of the crystal. In addition stellate enclosures 
of magnetite &c. are making their appearance in negative crystals 
arranged in a series of parallel planes traversing the crystal. From 
the trootolite at the top of llalival, Isle of Bum. Crystal shown 
magnified 100 diameters. (Sec page 383.) 

7. Portion of a crystal of olivine in which magnetite has been developed 

along the cracks to such an extent as to render black and opaque 
nearly the whole crystal. Portions of the olivine-substance, partially 
converted into serpentine, remain hero and there in the midst of the 
mass. From the olivino-gabbro, Beinn More, Isle of Mull. Shown 
magnified 50 diameters. [In the same rock many of the olivine- 
crvstals are seen rendered altogether black and opaque by the de- 
velopment of magnetite particles in them.] (See page 383.) 

8. Crystal of biotitc cut at right angles to the basal plane, and showing 

Sehillcrization along the planes coinciding with those of the principal 
cleavage ; from the scy elite of Loch Scye, Caithness. Seen as mag- 
nified 50 diameters. (See pages 383 and 405.) 

9. Two thin flakes of the same biotite, lying parallel to the plane of easy 

cleavage of the mineral, magnified 100 diameters. The enclosures are 
seen to be more or less regular plates, ver} similar to those found in 
the hypersthene of Labrador. Two grains of magnetite are also seen 
enclosed in the same crystal. (Sec pages 383 and 405.) 

Plate XIII. 

Varieties of the Ultra-basic Bocks of Scotland. All the sections are repre- 
sented as seen with a magnityiiig-pou or of 30 diameters 

Fig. 1. Oli\ino rock (dunite) of the Shiant Isles. Consisting of a mass of 
granules of clear olivine, oulj rarcl\ bhowing faint signs of serpenti- 
nization. A few scattered particles of broun augitc, of anorthite, 
and of magnetite (or chromite) are scattered among the olivine-grains 
which make up the bulk of the rock. The olivine is clear and almost 
entirely free trom enclosures of secondary origin. In the form of 
the olivine-grains this rock resembles the dunite of St. Stephan in 
Upper Styria ; but in the perfect freshness of the olivine it finds its 
analogue in the typical dunite of the Dun Mountain, near Nelson, 
New Zealand, (See page 394.) 

2. Porphyritic olivine rock (dunite) from the flanks of the mountain of 

Scuir na Gileau in the Isle of Bum. The rock consists of an aggre- 
gate of minute olivine-grains with a little augite, through which larger 
crystals of oliviuc are scattered. These larger crystals exhibit the 
dusty appearance produced by the development of numerous stellate 
and tabular enclosures in negative crystals, and lying in two inter- 
secting sots of pianos within the crystal. T'lie olivine is quite free 
from any trace of serpent inization. (See page 391.) 

3. Olivine-augi^e-enstatito rock (Iberzolite) Irum the top of Halival, in 

the Isle of Bum. The structure of this rock is intermediate between 
the graniiic and the ophific. The olivine forms rounded grains con- 
taining a few large stellatt* ench)8ures, and is often enclosed in the 
augite or enstatite ; the augitc is briglit green in colour, and is not 
improbably a ebrome-diopside. and the enstatite is a ferriferous one 
(proto-bronzite or proto-hypersthene), of a rich brown colour, with 
very marked pleochroism.* Scattered through the rock are a few 
grains of chromite or pieotite. Felspar is only present as a rare and 
accessory ingredient of the rock. The augite and the enstatite show 
slight traces of Seliillerization. These two minerals cannot be distin- 
guished in the drawing. (See page 392.) 

4. Ophitic picrite (augito-olivine-rocK) from the Shiant Isles. The rock is 

made up of very large crystal.^ of deep brown augite, which enclose 
numerous rounded grains of olivine, while these latter, in turn, 
enclose rounded grains of chromite or pieotite. Tl^e minerals of this 
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rock are free from nil (rtices of Srhillorization. The er^^sltvli of 
augiu> are so large that one fills uj) the wliole lit Id of \it vv. (See 
page 304.) 

Fig. 5, Anorthite-olivine-roek (troctolite) from the top of 1! ilival, in the Isle 
of Kuiu. The rock, which constitute a vein tr»versing olivine- 
gabbro, consists of a muss of interlacing unorlltiU -cryhtals. through 
which arc sctittered grains and nggivgatc.s of grain.- of <»livine. The 
olivine is crowded with large stellate inclu'tions, ami iU outlines and 
cracks uit rendered black and opaqlio. Except in the frifltncss of 
its minerals and in its finer gniin, tlii** ri>ck exactly nwrnhles the 
forellenstein of Volpersdorf and the llarlz. The hcale t»n wliicli the 
minerals are developetl is, however, somew hat smaller, fciections of 
the IScotch rock would resemble that of Volpersdorl' if tlte former 
were magnified three times mort» linear than the latter. (Set* page 
31 ) 0 .) 

0. Anorthite-augite-rook (eucritc) from llalival, in the Isle of Rum. This 
rock, winch also forms %eins in the olivine-gabbros, consists of a iimss 
of interlacing anorthite-crystals, perfectly unaltered, through which 
are distributed granular iwtieles of an augite of a green colour, 
which is more or less |)erfectly converted itito diallage by Schilleri- 
zation. In some parts of the rm*k, a ferriferous enstatite is added to 
the two princi{ial constituents, and this mineral sometimes prevails 
almost to the exclusion of the augite. This ouerite is of a decidedly 
gi^nulitie structure, but other rocks of the same niineralogical con- 
stitution arc coarse-grained and distinctly granitic in structure. (See 
page 31)5.) 

7. Altered, fernferous-eusutite-rock (bastitt*-rock) from Carrock Don, For- 

farshire. This rock occurs in the midst of a gr(»at dyke of ser{>entine 
wliich traverses the Old-Red-Snndstmic strata; it is made up of 
an aggregate of ferriferous-en8tatite-<Ty.‘»tul8 in a somowlmt altered 
condition, the w'hole being traversed by cracks filled wdth 8erj»entinou8 
material. Except for the amount of alteration the rock has under- 
gone, it exactly resembles the ** bronzite-rock’’ of Kupferberg in 
Bavaria, and of St. Steplian in I’pjKjr St>ria. (See page 31)9.) 

8 , Mica-homblcnde-picrite (.sc*yelit“) from an intru.sive ma.s.s near Loch 

Scye, in Caithness. A number of grains of olivine, now converted 
into serpentine, arc endow'd in crystals of pale green hornblende 
(seen in the lower left-hand jiart of the slide), paraniorpliic after 
augite, and of a highly magnesian biotite (seen in the unper right- 
hand part of the .slide). The biotite is, in places, darkoneu by nume- 
rou.s inclusions arranged paniUel to the basal plane, or in the direc- 
tion of the principal cleavage. (See pages 401-407.) 

Figs. 1-0 are from Tertiary rocks. 

Figs. 7 & S arc from Palasozoic rocks. 


Discussion. 

Mr. IluTLEY said that the points raised in tho paper wero so 
numerous that it became very difficult to discuss. The twin- 
structure in calc-spar was probably produced by pressure; but 
with regard to triclinic felspar the case seemed different ; and he 
felt doubtful whether all twinning could be developed by pressure ; 
for, if so, the same structure would bo produced in orthoolaso. 
Besides, twinning usually occurred in two directions in the tri- 
clinic felspars — namely, parallel to the basal jilane and to the 
brachypinakoid. If due simply to pressure, why should it not some- 
times occur parallel to the macropinakoid ? The pro]K>sed term 
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Srhillerization might prove useful, but ho questioned whether some 
of the results attributed to it might not bo due to weathering. 

Mr. Bauerman felt the same difficulty that had been alluded to 
by the previous speaker in entering upon the discussion of this 
paper. He remarked that the twinning of triclinic felspars was 
not an essential peculiarity, as he had seen specimens in which it 
was absent ; but he considered the origination of twinning from 
pressure unproved, as there was no difierence of cohesion in diffe- 
rent directions sufficient to produce twdnning. Twinning is espe- 
cially well seen in albite crystallized freely in druses in mineral 
veins. Pseudostructures of low'or symmetry in boracitc &c. are 
due to change of structure produced in cooling, and quite distinct 
from twinning in felspars. 

Eev. E. Hill said that all banding that he had observed in igneous 
rocks, glass, &c. varied gradually from point to point when due to 
pressure, and thus differed from that described by the Author. 

Mr. Hudlbston remarked that magnesian rocks were very 
mysterious. Their peculiarities are perhaps due to chemical com- 
position. Gabbros are always found associated with serpentine and 
olivine rocks. He inquired whether Schillerization might not be 
due partly to change of structure arising from something inherent* 
As a case of change resulting from original peculiarity of compo- 
sition, be quoted the analysis of a rock lately described by Mr. 
Teall, which showed an amount of magnesia unusual for a non- 
olivine dolerite. There was no mineral in that rock to absorb so 
much magnesia except the augite, which must have possessed an 
exceptional composition, and consequently an inherent tendency to 
change : such inherent tendency might help to explain the phe- 
nomena of Schillerization. He further commented on the alterations 
stated to have taken place in depth; for some Schillerized rocks, e,g, 
bastite, are hydrated forms. 

Prof. Hughes asked how far the relations of the rocks in 
question to one another and the conditions of depth &c. could be 
considered well established. In the example exhibited he thought 
the vein called gabbro was due to alteration along a joint, of which 
he saw traces on the back of the specimen in the divisional plane 
which ran almost through the middle of the vein. It looked like 
a vein along a faulted joint, and might bo of any age later than the 
olivine rock and subsequent to the jointing and faulting, and there- 
fore not belonging to deep-seated conditions. 

The President congratulated the Author on having, as he said, 
driven another nail into the coffin of the classification of igneous 
rocks by their geological ago. He had always believed that the 
altered peridotites of the Apennines were of Tertiary age. In 
all cases that he had seen, the gabbro and peridotitc were quite 
independent rocks ; but he had seen picrite pass into diorite. He 
himself had always found gabbro the newer rock, evidently deep- 
seated ; for the crystallization was coarse even in small veins. He 
also doubted whether plagioclastic twinning was due to pressure ; 
for it is found in rocks not much pressed, such as lava-streams. 
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He thought the mystery about magnesian rooks was artificial. He 
suggested that the presence of diallage in deep-seated rocks might 
be due to hydration owing to depth, because the water could not 
escape. Amphibolization is well illustrated in the gabbro of Corn- 
wall, when diallage is converted into hornblende at the surface. 

The Axjihor, in reply, said ho did not mean to assort that 
mechanical strain produced twinning, but only develops it where 
the tendency already exists. It has been shown that this structure 
is induced by pressure in calcite, and, if so, the same change is 
possible in the plagioclase felspars. The case is similar with leucite 
and boracite, in which, however, the twinning disappears on the 
mineral returning to the original temperature of its formation. The 
result of twinning in orthoclase is seen in microcline, and Lehmann 
refers microcline-structure in Saxony to pressure. Ilyperstheno was 
always, until lately, studied only in altered forms. Schillorized forms 
are produced by deep-acated hydration, weathered forms by hydra- 
tion near the surface. In reference to the alleged association of 
diallage and magnesian minerals, he stated that several varieties of 
augite pass into diallage. In answer to Prof. Hughes he said 
that the veins in the specimens referred to are irregular injection- 
veins. 
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31, On the Stextcthee of the Ambtjlacea of some Fossil G-eneea onrf 
Species of Eeqhlah Echinoidea. By Prof. P. Martin Duncan, 
M.B. Lond., F.E.S., F.G.S. (Eead AprU 29, 1885.) 

Contents. 

1. Introductory Eemarks.— II. General Eemarks on the Structure of Ambu- 
lacra. — III. Descriptions of Ihe Ambulacral Plates of some Genera and Species, 
and the necessity for the Introduction of Mplopodia^ McCoy, and a new Genus, 
FlesiodiadeTna, — IV. Conclusions relating to the types of Ambulacra. — V. De- 
scription of the Figures. 

I. Intbobuctoey EeMAPvKS. 

The characters of the ambulacra of the Echinoidea have always been 
considered of primary importance in the classification of that great 
division of the Echinodermata. 

The details of the structures of the ambulacra of the regular 
Echinoidea have been long known in the instance of the Cidaridae, 
in some of the Salenidac and EchinometridoD, and in many genera of 
EchinidsB. 

The study of the structures led to the separation of the groups of 
genera with simple jfiates and one pair of pores to a plate from 
those having compound plates with three or more pairs of pores. 
Gldaris has been acknowledged as the type of the first group, and, 
thanks to the elaborate investigations of Loven Strongylocentrotm 
may be considered the type of the other scries. 

In a monograph on the fossil Echinoidea of Sind, by the 
author and Mr, W. Percy Sladcn, F.G.S., there is a description 
of two species of Ccdoplcurus from the Oligocene, and the illus- 
trations which accompany the work fully explain that there is 
a type of ambulacral plate which departs from the received idea 
regarding the intimate structure of plates with triple pairs of pores f. 
Subsequently some researches by the same authors proved that the 
Arbaciadse and the recent Diadematidae had their ambulacra con- 
structed on a plan hitherto unobserved, and which separated the 
groups disiinctly J. Having obtained a knowledge of the characters 
of the recent forms, the study of the corresponding details of the 
fossil species became tolerably easy. 

The results of this study are now offered to the Society. 

I have to thank the executors of the late Dr. T. Wright, F.E.S., 
for permitting me to examine and draw what was necessary from 
the beautiful specimens in their charge. I am also very glad to 
have the opportunity of thanking the authorities at the British 
Museum and at the Museum in Jermyn Street for allowing me to 
study the collections. 

In the majority of fossil regular Echinoidea the pairs of pores of 

* Lov6n, fitudes sur les Sobinoidees, 1874, p. 19. 
t ‘ Palseontologia Indica,’ ser. xiv. faso. iv. pi. xxxix. (1884). 
t Journ, Linn. Soc., Zool. voLziz. pp. 26 and 95 (1885). 
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^ ambtilaera can be readily observed ; but the sei)arations of, or 
the intnrea whicli unite, the edges of the plates arc usually not to 
tie seen. Many weathered specimens of Oolitic and Cretaceous 
apeciee show all the details of the ambulacra ; and when 
perfect or slightly confused, the knowledge of the position of the 
plates in the modem allies of the fossil forms renders the action 
of reagents almost invariably successful in distinguishing them. But 
it is not possible to make out the limits of the ambulacral plates m 
some specimens, and usually these forms are the most perfect in their 
state of preservation. Weathering and the action of Loven’s reagent, 
alcohol mixed with glycerine, assist the investigation of tho fossils, 
and most liquids which permeate the plates and evaporate rapidly 
will assist in the investigation of recent Echinoidea. 

11. General Remarks on run Structure of Ambulacra. 

An ambulacrum extends from tho actinal edge of a radial 
(ocular) plate to the edge of the jurist omo: it is composed of a 
number of jdates which are placed in two rows or zones on cither 
side of a vertical or median line, and each row consists of plates 
located in succession from the radial jdate to the peristome. The 
plates of one row arc united by suture with those of the other, and 
the junction occurs along the median line, the extremities of the 
plates being more or less angular. The jdates of on(‘ zone are not 
on an exact level with those of tlie other, for the angle of one plate 
fits into the reentering angle uhieJi exists between two of the 
opposed plates. The edge of each plate in contact witli tlu^ inter-* 
r^ium is also more or less geometrical, ])ut it may he rounded off 
in shai>e, instead of angular. The ])lates iu each row are united 
actinally and abactinally with otlier plates. These unions arc by 
suture. 

Each plate has a poriferous zone, and the* rest forms part of an 
interporiferous area ; and there is a pair of por(‘s to a plate. In well- 
preserved specimens the pair of pores is encircled by a raised dish- 
like structure called a peripodium, and the i>orcs are never placed 
quite transversely or horizoutaUy, but more or loss oblicjucly, so 
t)»at the pore nearest the median line of the ambulacrum is on a 
lower level than the other ; that is to say, tho inner pore is adoral 
to the other and is called tho adoral pore. This pore is in contact, 
in the young Echinoid, with tlio line of division between two con- 
secutive plates, and notclics the cdg(‘ of the ])(Ti])odiura ; hut it may 
become distant from the suture during growth. In tho Cidaridm 
all the plates arc primaries, and each has its ])air of pores. A 
primaiy plate is one which reaches from the poriferous zone to tho 
median line or vertical suture, and which com<*s in contact there 
with others of the opposite zone. In tho Cidaridoo tho plates in- 
crease in number by developing just at the actinal edge of tho 
radial plate, and one plate is formed after another. 

At the peristomial end of the ambulacrum there is a corresponding 
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separation of successive plates, so as to produce the characteristic 
plating around the mouth seen in recent forms of Cidaris, 

In the other families of the regular Echinoidea the addition of 
new plates also occurs at the edge of the radial plate ; but there is 
a crowding of the plates more or less at the peristome^ and the oldest 
plates there gradually become absorbed at the very edge. So that 
with the growth of the whole test in height there is a superabundant 
growth of the ambulaoral plates, and, as Lov^n has well shown, 
there is a downward or actinal movement of the ambulacral plates 
from the radial plate to the peristome. This movement is compli- 
cated by the fact that the ambulacral plates are all growing with 
the rest of the test, and enlarging in aU directions at the surface. 
Moreover the growth -rate of some plates is greater than that of 
others, and those which carry tubercles appear to have a greater 
growth superficially than others. Consequently irregular pressure 
is exerted by these plates on their neighbours, and the result is very 
remarkable. Again, the movement of the plates above the ambitus 
of the test, although comparatively free, is of necessity diminished 
near the peristome, in consequence of the more or less rigid state of 
the peristomial region incident to the position of the auricles of the 
jaws and their processes. 

It is to those different facilities for and oppositions to a regular 
and symmetrical growth that the varied shapes and characters of 
the ambulacra and their plates arc due. 

It is an interesting and highly suggestive truth that all the 
regular Echinoidea should have their most radially situated plates 
in the form of the simple primaries of the Cidaridee ; but at different 
distances from the radial plate modifications begin to be seen, and 
they are characteristic and of generic and specific value. 

The modifications which were known and which had been care- 
fully described by Loven before the publication of the “ Eossil Echi- 
noidea of Sind,’’ in the ‘ Palgeontologia Indica,’ scr. xiv., were those 
which characterize the Echinidae and some other forms, such as Stron- 
gylocentrotus (fig. 1). In these the growth -pressure develops com- 

Fig. 1*. 



pound plates by jamming and uniting the original primaries ; moreover 
the part of the primary remote from the poriferous portion is often 
prevented from growing, or is absorbed by the growth-pressure. The 
result is the formation of demi-plates which do not reach the median 
line. Moreover the downward growth and the other varieties of 
growth-expansion cause combinations of several plates, and produce 
compound geometrical forms made up of three, four, five, and even 

* For the explanation of this and the following figures, see pp. 451, 452. 

a J.G.8. No. 163. 2o 
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more plates, all more or less departing from their original shape. 
Growth near the unyielding peristome produces shifting of the pori- 
ferous parts of plates, and hence the apparent confusion of the pairs 
of pores in that region in so many genera. It must be understood 
that the confusion is only apparent, for Loven has explained it‘, and 
no additional pairs of pores intercalated there during growth. 

The physiological importance of the ambulacra to the Echinoid 
cannot be over-estimated ; for the peripodia support the prehensile 
or motor tentacles, and in the Arbaciadae and the Diadcmatidm the 
tentacles which are above the ambitus have a uon-prehensile and 
branchial function. The number of tentacles placed within a given 
area is therefore of classificator}' as well as of physiological im- 
portance, and this number bears a definite relation to the number, 
kind, and shape of the plates which constitute the ambulacra. 

The Echinoidca with the simjdcbt ambulacra are found in the 
lower Secondary deposits, and it is advisable in the present iiujuiry 
to commence with the description of some of the earlier forms of 
the Diadematidm. It is proposed to consider the genera 
Wright, Pseifdodiadenui^ Desor, J\dlmt^ Agass., StomeMnus, Desor, 
ffemteidaris, Aga&s,, DipIojiGdia, McCoy, and Cyphosoma. Agaas. 

III. Descriptions of the Ambulackal ri^\Tii« of the Genera 
Hemipedina, rsEUDoniADiiHA, Tedina, Htomecuini’s, Hfmtcidaris, 
DiPLOPODIA, AND CtPUOSOMA. TiIE NkCESSITY FOR A NEW GeNUS, 
Plesiodiadema. 

Genus Hemipedina, Wright, 1855. 

The diagnosis of this genus will be found in the ‘ Monogra]>h of 
the British Fossil Ecbinoderniata,’ Pal. Soc. Lond. 1855, ]>. 14^i 
Dr, Wright made the following remarks concerning the affinities 
of this genus with other genera : — “ Hemipedina is related to Pseudo- 
diadema in having the pores unigeminal and the tuhorclos per- 
forated ; but it is distinguished from Psnedodiadema by the absence 
of crenulations from the summit of the bosses. It is related to 
Pedina in possessing j)erforate and uiicrenulate tubercles ; but it is 
distinguished from that genus in having the pores unigeminal, 
Pedina having the pores trigeminal as in Pchinus, The elements of 
the disk are likew ise more largely developed. Hemipedina is related 
to Echinopsis^hwi is distinguished hy the narrowness of the amlmlacral 
areas, the general depressed form of the test, the shape of the mouth- 
opening, and the deep decagonal lobes of the peristome (that of 
Ediinopsis being almost deprived of incisions), together with the 
greater size and development of the elements of th(‘ apical disk.^^ 
In the drawings of a species of Hemipedina^ Dr. Wright noticed 
the long slender needle-shaped spines with fine longitudinal stria- 
tions. He states, moreover, that the optic pore is in the centre 
of the radial plate. 

Hemipedina Jardinii^ Wright, has a considerable scries of low and 
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"broad primaries near the radial plate, and extending far towards 
the ambitus, and each plate is united by a separable suture to 
the plates situated apically and actinally. At the ambitus three 
primaries are seen to form a compound plate geometrical in figure, 
and their separability is at an end. There are triple plates of 
this character down to the peristome. Taking a compound plate 
at the ambitus (fig. 2) as the example, it appears that it is 

Fig. 2 (sec p. 451). 



broader than high, and that the pairs of pores, three in number, 
are either straight or in a very slight curve. Two lines of suture 
cross the compound plate, and they indicate the edges of the 
primaries which have united to form it. One line is between the 
aborally situate plate and the middle ono of the combination, and 
it passes from the adoral pore of the aboral pair inwards to 
cross the base of the tubercle apically to the mamelon, and thence 
it passes on to the median suture of the compound plate or, 
as it is called, the vertical suture or edge. This line is very 
faintly curved with the convexity towards the tubercle, or it 
may be straight and cross the fiank of the boss. The other sutural 
line is between the middle xdato and the adoral plate, and it is in 
contact with the adoral pore of the second or middle pair ; thence 
it crosses the adoral flank of the boss actinally to the mamelon 
and reaches the vertical suture with or without a curve. The 
aboral plate of the combination is a low and broad primary which 
includes a small portion of the boss, and the adoral plate is 
of the same configuration as the other. The middle plate is rather 
the largest, and is a well-formed primary which carries much of the 
boss of the tubercle and all the mamelon. 

The sutural lines between the plates constituting the compound 
Xflates are in some instances decidedly curved, with the convexity 
placed towards the mamelon ; but this condition is replaced nearer 
the peristome by quite straight lines. The formation of the almost 
rectangular primaries in the combination resembles a simple appo- 
sition of CidarisAHko plates, and it is interesting to notice this 
primitive type merging gradually into the fully developed one, in 
which, as in the ancient and modern Diadematoids, the curving of the 
sutural lines is coincident with an enlargement of the middle plate 
towards the median line at the expense of the plates above and 
below, these plates then departing from the shape of those of the 
Cidaridae. 

Hbmipedina Bowebbanxii, Wright. 

There are some fine examples of this species in the Museum of the 

2g 2 



424 


PBOF, M. DFKCAN ON 1I1K BTllUCTUIlf OF 


Geological Survey, Jerm}Ti Street, and in most the number of single 
primary plates near the apical end is very strikiiiir, indeed almost 
j to the idea that all the parts of the ambulacr um are made up 
of them. But there are one or two compound platen proserred. In 
one of these, near the peristome, the triple nature is evident, and the 
line of suture between the middle and adoral plates is curved, and 
passes from the adoiral pore of the middle pair towards the mamelon 
of the tubercle and thenoo to the fnedian or vertical suture, the con* 
vexiiy of the curve being directed apically. In another specimen the 
line of suture between the middle and the aboral plate is scon, and 
it is curved, with the convexity towards the mamelon. Hence those 
compound plates are on the Diadematoid type, and it may be presumed 
from the phenomena presented by the recent Bpcci(‘s of Biadtma that 
growth-pressure has changed the shape of the t)riginal primaries. 
In one of the specimens in the Museum there are four plates and four 
pairs of pores in one of the compound plates, and it appt'ars, but 
not verj' sati^^factorily, that the additional ]»late is a low primary. 
This is not without its significance: for a similar structure is scon 
in allied genera*. 

HemipeiUm marchaim^nsis, Wright, from the (’oral Kag, is a fine 
form belonging to a section of the genus which has numerons 
primary tubercles in rows on the interradia. 

There is a specimen in the British Museum (no. 7r)P2.*i) which 
shows the shape of the triplet of plates which com})ine to form a 
geometrical plate near the ambitus. The compound plate is broader 
than high, and there is a space between the tubercle and the median 
or vertical suture (lig. fi). Tlie direction of the sutures between the 

Fig. :i (see p. 451). 



three plates indicates their shape, especially as the whole compound 
plate is contained bctwcou an aboral and an adoral tran.sverse 
suture. 

The pores arc rather oblique, and the adoral pore of the first pair 
is on the suture which unites the first and middh* plates. The 
line of this suture is, from the interradium to the adoral pore, and 
thence with a curve, convex adorally, up the flank and over the top 
of the boss of the tubercle apically to the groove at the base of the 
mamelon, and then dowr the slope to the cdg(‘ of the boss to reach 
the median suture at a short distance from the aboral and inner 
angle of the compound plate. 

This first plate is therefore a low primary resembling the corre- 

* With regard to Hemipedina Bowerhankii, Wright (op. oif, p. 145) illus- 
trated on plate ix. of the Monograph already noticed, it must bo observed that 
the figure 2 b cannot bo correct. It represents the pores as if t hey were turned 
upside down, and the adoral pore, or that which is furthest from tho inter* 
rwum, as aboral to the other in position. 
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spending plate of a modern Diadema, The middle plate is lowest at 
the centre of the tubercular area, for it is nipped in by the curved edge 
of the first plate and also by an aboral curvature of the third plate. 
But further towards the median line the middle plate, after carrying 
the mamelon, expands, and is in relation with much of the boss 
and the greater part of the compound plate. The third plate has 
its abord edge curved apically, and it is a low primary, for the 
suture between it and the middle plate reaches the median suture 
just abactinally to the adoral and inner angle of the compound plate. 

The resemblance of these plates to those of the typical and recent 
Diademata is exact. 

Perhaps the most striking species of Hemipedina is H, tuberculosa, 
Wright (op. cit, p. 164), on account of its resemblance to a Hernia 
cidaris without crenulaiion, and with an unusual number of small 
secondary tubercles in the interradia. It is a beautiful form, and is 
even more (7i^/ans-looking than Hemicidaris. The ambulacral 
plates, however, do not always remain as simple primaries; for 
towards the ambitus, where the tubercles increase in size rather 
suddenly, there are three pairs of pores evidently in relation to as 
many plates which have combined to produce a geometrically shaped 
compound plate (fig. 4). The triple pairs may arch very slightl^ 

Pig. 4 (see p. 451). 



around or be straight at the edge of a great tubercle, which nearly 
covers the entire plate. The peripodia, which are only slightly 
oblique and broadly elliptical in shape, are not so crowded as they 
are in Hemicidaris ; but they impinge upon the outer flank of the 
tubercle, and in some specimens their relation to the plates which 
their pores perforate can bo appreciated. 

Taking the first tubercle above the ambitus, it will be noticed to 
be situated apically to a decidedly large one, and to be separated 
from it by more space than exists between the other tubercles placed 
in succession towards the peristome. Tho three peripodia are in a 
slight arc, and the most adoral is slightly nearer the tubercle than 
the others. The tubercle is a broad, low cone, with a well-developed 
mamelon surrounded by a decided groove. Careful observation 
proves that the adoral pair of pores has the adoral pore on a line 
with a transverse suture which separates the combination to which 
this poriferous plate belongs from the next plate in actinal suc- 
cession. And on the adoral fiank of the tubercle, and nearer the 
base than the groove around the mamelon, is a line which can be 
traced from the adoral pore of the peripodium which is the middle 
one of the triplet, over the slope of the boss to the median line of 
the ambulacrum. 
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The lioo is that of tho suture betw-een tlic lower anti iniddlo plates 
of tho oompound plate, and it limits the lower plate almroUy and 
the middle plate adorally. As this s\iture reaches tho mi^dian line, 
and as the transverse suture b<‘low also does this, the lower or 
adoral plate of the triplet is a m<»ro or less recUnfrular primary. 

On looking at the apical and inner part, of tho tulK^rclo a line may 
be seen passing along the side of tho base of tho tuborole and going 
obliquely upwards, or aborally, to the vortical or median suture. 
This line is to be traced over tho boss aborally to tho mamolon to 
tho adoral pore of the first pair of tho triplet. 

It is the suture which separates the nborol (or first) and tho 
middle plates of the triplet: and as it reaches tho median line, 
the plate above it, or the first of the series, is a prim^, highest 
at the ponferous zone and low at the median line. This first plate 
is bounded aborally by the transverse suture which adorally limits 
ibe plate placed immediately abaetinally, and which does not form 
part of the compound tubercle-bearing plate under consideration. 
The shape of the middle pliito of the combination is determined by 
the direction of the suture of the edge (adoral) of the first plate 
and of that (aboral) of the third plate. The plate expands in the 
direction of the median line aborally, ami, mon^over, covered by 
tho mamolon and by much of the Ik>hs. 

The structure of tho tulH*rcU‘-bearing comjwund plate immt'diately 
adoral to the last is very simple. Tho tub(*rclo nearly covers the 
whole plate, except the narrow poriferous zont‘, and the peripodia 
are rather obli(iue and in an arc, so that the third is neartT tho 
median line than tho first of the triplet. 

The course of the sutures from tho adoral pores of the perij»odia 
is the same as in the simpler forms of pHi udoduulema and of tho 
modem Diadnmta, All the plates of the comiK)und one are primaries, 
and the middle one is the largest ; it is covered by the mamolon 
and by most of tho tubercle near the median lino, as well as by that 
portion of the boss which lies on a transverse line with tho second 
j)eripodium. Tho suture’ at the adoral edge* of tho first jdate crosses 
the boss to the vertical suture with a slight oonvoxity directed 
actinally, and the sutun' at the aboral edge of the* third plaU* crosses 
the boss in the same manner, but the convexity is directed apically. 
Hence the middle plate is expanded towards tho median line, low at 
tho part where the mamelon is, os it were, nipped in between tho 
first and second plates, and not so low at the jK^riiorous part. The 
first plate is lowest in vertical measurement at tho vertical suture, 
and so is the third plate. The transverse suture whicli bounds tho 
compound plate adorall}' is in contact with the adoral pore of the 
third pair. 

There arc no demi-plates in this species, and the compound 
plates are different in construction from those of JIemind(ms, 

Genus PsExmoniADEMA, Dosor. 

Desor (‘ Synoiwis,’ p. 63) gives a short diagnosis of this gonus, and 
classifies it in his grou]> of Oligoporos, that is to say in a division of 
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the regular Echinoidea, the forms of which have three pairs of pores 
only to each ambulacral plate. 

Test of moderate or small size. The tubercles are of the same 
size in both areas, and are crenulate and perforate. The tubercles 
either only form two rows in the interradia, and may be without 
secondaries, or they may be arranged in four or even six rows. 

Poriferous zones simple. Spines smooth or faintly striated. 

Bange from the Lias to the Cretaceous inclusive. 

Desor notices that the forms thus diagnosed were termed, in the 
‘ Catalogue Baisonne,’ “ Diadema^^^ and were placed alongside of the 
recent species which bear that generic appellation. But besides 
being smaller than the modem forms, there is the character of the 
latter which relates to the spines to be considered, according to Desor. 
He reminds us that the spines in the modem species of the genus 
Diadema are verticillate in their striated ornamentation. 

Under the belief that this distinction was of great dassificatory im- 
portance, he separated the species which are found fossil, as belonging 
to the genus Pseudodiadema, and took two species as typical of two 
divisions of the genus — Paeudodiadema hemisplicBricum (Cidaritea 
paeudodiadema of Lamarck, or Diadema psevdodiadema, Agass. & 
Desor) and Paeudodiadema mamillanum, Bomer. The first he con- 
sidered represented the group with several rows of secondary tubercles 
in the interradia ; and with the latter he associated all the forms 
with only two rows of tubercles in an area. 

It will bo noticed that in the diagnosis Desor did not find a place 
for certain species which have been admitted since, and which have 
a doubling of the pairs of pores in the region above the ambitus. 
McCoy had separated the species with doubling of the pairs near 
the apex from Diadema, and had founded the genus Diplopodia for 
them. Wright, however {op. cit. p. 109), adds to the generic cha- 
racters of Paeudodiadema, “ the pores in one section are unigeminal 
throughout, and in another section they are bigeminal in the upper 
part of the zones.” 

The same author states that Paeudodiadema differs from Diadema 
in having solid spines, with a smooth surface, the sculpture, in most 
cases, consisting of microscopic longitudinal lines. Ho also remarks 
that the genus differs from Cuphosoma in having the tubercles 
always perforated. The necessity for allying Oyphosoma and thus 
adding to the confusion is a consequence of admitting forms with 
doubling of the pores into the genus Paeudodiadema. Wright 
noticed the genus Diplopodia, and remarks as follows in placing it 
on one side : — '‘^Cceteria paribus, the crowding together of a greater 
number of pores in a zone is, at most, a sectional, and can never form 
a stable generic character, inasmuch as it is subject to great varia- 
tion in the diplopodous species themselves, and is, moreover, often 
only an adult development.” 

Having studied the morphology of the ambulacra of the recent 
Diadematidae (Journ. Linnean Soc,, Zool. vol. xix. p. 95) I was 
greatly impressed with the results of a careful examination of many 
forms of the allied genus Paeudodiadema. I came to the condusion 
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that the whole subject of the classification ought to be reinvcHtigated, 
the morphology of the ambulacra being considercMl of primary im* 
pmrtanoe. It became easy, after the examination of weathered apeoi* 
iaeii0| to decide that whilst some recognized species of P^eudodUulemn 
ware evidently Oligopores and closely allied t<o the modern 
others were Fol^pores, having sometimes as many as five or six pairs 
of pores to an ambulacral plate. Agmn, some species are allm to 
the recent forms by having the optic pores at the acUnal margin of 
the radial plate, and by having decided branchial cuts and even tags 
arising from the cuts. Moreover the structure of Cyphmmn being 
known to me, 1 co\ild hardly consent to so close an allianoa as 
Dr. Wright suggested between it and PsetidotUadema. 

Pieudodiadema hemisph(rnctm is well drawn b}* Hone in Dr. Wright’s 
Monograph of the Brit. Foss. Echimxiermata. pt. 1, 1855, plate riii. 
The shape of the radial plates and the position of the optic x>ore at 
the verj" margin of the plate arc clearly indicated, and the drawing 
of an ambulacrum (fig. 1 d) shows the relation ot three pairs of pores 
to each tubercle-bearing plate. The exact relation of the pairs is 
not shown ; for the specimen was so perfect that no sutures probably 
were visible. But in the British Museum there is a specimen 
(No. 23329) from Malton, named, as of old, Diadema jutatdoilindenia^ 
and the lines of the sutures may be 8C(‘n here and there. 

In the great majority of the ambulacral jdutes there arc three 
pairs of pores. Each pair is in a j)rimarv plate, and the three pri- 
maries have become fused, as it were, into a geometrical compound 
plate (fig. 5). 

Fig. 5 (see p. 451 ). 



The first or aboral pair of pores of this compound plate has its 
adoral pore in contact with the adoral suture of the low brood 
primary plate which forms the first or apical portion of the com- 
pound plate ; and this suture is directed to the median or vertical 
suture in a course which is somewhat curved, the convexity being 
adoral. 

The suture crosses the boss of the tubercle just abactinally to the 
mamelon. 

The pair of pores which belongs to the middle plate of the 
combination has its adoral pore in contact with a suture that unites 
its adoral edge with the aboral edge of the third plate. The 
direction of this suture is towards the median suture, and it has 
a path from the interradial end of the poriferous zone to the 
adoral pore just noticed, and thence with a curve directed apioally, 
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reaching the boss adorally to the mamelon. The course is then to 
the median suture, and the termination is dose above the adoral and 
inner angle of the compound plate. The middle plate is low at the 
poriferous zone, nipped in vertically at the boss, where it includes 
the mamelon, and expanded towards the median line. 

The adoral plate of this combination has an arched aboral edge 
and is a low and broad primary, smaller in vertical measurement at 
the median line than at the poriferous part. 

The pairs of pores are in peripodia, and the amount of arching is 
slight. This description would suffice for a compound plate near 
the ambitus of a recent Diadema, 

But the fossil form has some compound tubercle-bearing plates at 
or just below the ambitus, which are polyporous ; for there are 
distinctly four pairs to a compound plate, and not three only (fig. 6). 

Pig. 6 (see p. 452). 


h 

di 
a' 

There are therefore four plates in the combination, and all are not 
primaries, there being a small demi-plate (6) amongst them which 
does not reach the median line. The aboral or first plate (a) of 
the set resembles the corresponding plates of the combination 
already described, and is a low and broad primary with the adoral 
edge bent actinally. The second plate (6) is a demi, and it reaches a 
little way up the tubercle, and is bounded aborally by the edge of the 
first plate, and adorally by part of the suture of the third plate in its 
path to reach the median line. Part of the third plate (a') has the 
shape of the middle plates of the combinations in which there are 
only three pairs of pores, but it is rather lower, and the fourth plate 
(a”) resembles the adoral plates of the triple compound plates. The 
second plate is the relic of a primary which has undergone absorp- 
tion owing to that growth-pressure which is so easily traced in some 
recent forms of Diadematidae. The recent species of Diadema do 
not, however, present this phenomenon, and there are no demi- 
plates in them. 

The simplest form of fossil Diadematid is a species which, had it 
doubling of the pairs of pores close to the peristome, would fall 
within the specific diagnosis of Pseudodiadema depressum^ Agass. 

The specimen in my possession was obtained by Prof. J. Morris, 
M.A., from the Cornbrash of the Chippenham district. It has 
nearly straight rows of pairs of pores, the outer pores being larger 
than the inner. There is but slight obliquity of the pores, and the 
pairs are not close. There are three pairs to each tubercle-bearing 
compound plate, and the three plates are primaries of the true Dia^ 
dema type (fig. 7). The commencement of the compound plates is 
very close to the radial plate, and there are only one or two solitary 
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tiiiooalcoced primarioH. Near the p(»riHt<mu* the implicity of th<' 
compound plate pcrsista, and there is no crowding < t the pores. An 

Fig. 7 p. -152). 



interestiDg stracturo exiata in the form of a tag» which, as in the 
recent Diademata, passes up from the branchial cut by the side of 
the ambulacra. So far as the tost is concerned, or rather that 
part which remains, the apical system being deficient, there is 
no distinction to be made between this species and a reoent 
Diadema, 

There are many species inclndini in the genus Pneudodiadma 
by authors which ha^e the simple triplet arrangement of pores 
just noticed, and the peristomiul crowding never amounts to a dis- 
placement of pairs or the production of dcmi-plates. I have been 
able to examine many of the forms dcMTiUd h} Hr, Wright, thanks 
to the courtesy of his executors. The ty|H* of this group existed 
from the Inferior Oolite, if not from the Liu.s, t<» the Cretaceous 
age inclusive ; and it in a mutt<‘r of great interest to have been 
told that hollow, striated, and verticillate spines wen* found in the 
Chalk and drawn by Mr. Hone. The Psiinlodiudemata with simple 
triplets form, tlierefore, one distinct t}|>c or group. The Pseiidodin- 
demata, having also occasional!} an additional pair of j»ores belonging 
to a demi-plate, belong to a closely allied M*ction or subgenus or group. 

The next type to be considered, th<* third group, is one in which 
there are never less than four plates and four pairs of pores to a 
comjiound plate, and of which Pn^^udoiliad* ma mamillanum already 
alluded to, is an example. 

In most of the specimens of this serioH there is barely any trace 
of the divisional sutures to bo seen in those plates which have the 
greatest number of pores ; but an instance* of a form clearly jire- 
senting all the necessar}” sfructun*s to view from wdiich a drawing 
can bo made is in Dr. Wright’s collection*. Haring examined the 
specimen, it is evident that a compound plate at the ambitus has no 
less than five primaiy^ plates entc'ring into its composition, and that 
the next above or ahoral compound plate has four (fig. 8), The ])airB 
of pores are in slight arcs, the peripodia are well devcioped and often 
occupy nearly or quite the whole height of the poriferous area of 
the plate on which they are placed, Ilie adoral pore of a pair is 
always in relation with the suture between its plate and that 

♦ PMudodiadema Michelini, Agues. 
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which is placed immediately actinally. The tubercle of the com- 
pound plate is large, and there is some space between it and the 
median suture. 

Fig. 8 (see p. 452). 

1 

2 
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Taking the compound plate above the ambitus, first of all, for 
descriptive purposes, there are to be noted four plates and four pairs 
of pores in peripodia. The actinal or fourth plate (no. 4) is a 
low and broad primary having a convexity directed aborally, so that 
the plate is low in the poriferous zone and at the me^an line 
of the ambulacrum, and much higher midway where it reaches 
across the adoral part of the base of the boss. The next plate 
situated abactinally (no. 3) is the largest of all in the compound 
plate, and assimilates in shape to the middle plate in the triplet 
of a Biadema ; it is largest near the median suture of the ambu- 
lacrum, is nipped in on the tubercle, and is somewhat higher at 
the poriferous zone. The adoral pore of its pair is in relation with 
the suture between its adoral edge and the aboral edge of the plate 
just described. The abactinal edge of the plate now under descrip- 
tion crosses the boss and the centre of the mamelon, and then passes 
towards the median line, with an abactinal and inward path, so as 
to give a curved appearance to the suture which joins this plate to 
the one immediately above. The third plate from the adoral edge, 
or no. 2 of the compound one, is a long or rather broad, low 
primary, the actinal edge of which corresponds with the abactinal 
curved edge of the plate just described. 8o this third plate has a 
bent actinal edge, and this is indicated by the suture. The abactinal 
edge of the plate is also curved, and with the convexity directed 
actinally, and the height of the plate at the median line of the 
ambulacrum is small and less than at the poriferous zone. 

The mosi/ apically placed of the plates, or the first (no. 1), is alow 
and broad primary, lowest at the vertical suture, and with the adoral 
edge curved adorally, the abactinal edge being straight and trans- 
verse. The adoral edge of this plate crosses the tubercle not very 
far from the mamelon. The transverse aboral edge is in contact 
with the actinal plate of the compound plate situated immediately 
abactinally. 

All four plates combine to form a solid compound plate, and they 
are to be recognized by the direction of their sutures. The angle 
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of the compound plato at the mwiiaa hnv h for ohhI h\ the hirm* 
prunoT)' (no, ^ 

It will be observod (hat thi^ urnnirvmont .f the lomimrhnt 
plates 18 not like that of the 8 |K‘eieH ulri*:i<l\ < 1 , in whieh an 

occaBional fourth plate has been pro * ; for in the 

premmt insUuiee there is no demi-pLito tn iu* aid ail the idates 

are primaries. ' 


The corajHUind plate at the ambitus i ti-. ^ i has i larj;, r tuborde 
ttan the one immediately abov<% and is 1 irirer al* ^-ethei It has 
five plates enteriiii: into its composition, and then- av tlierefore live 
jmrs <if iK>res and live ]KTip.Kba ; llu.r are m ai are, and the 
third inur from the nbactinul e.i-c ,,f the rom|w. .nd plate in the 
most remote from the meduin line ol t'ae ambulaenan. 

The first, second, and third phtes fi.mi the abotinal ed«e are 
formed after the model of the aba. linal pLit... I and l> ot the eom|H>und 
plate al>ovt‘, and the\ are low and bnud pnnianeH nilh a eunial 
adoral edge. I he fourth plate i^ (In* lartrcst, and corr**sjwmds in 
Bhai>e to the third plate from the ubaetinal » du'e ot the . omjHnmd plate 
above, it is on the ttpe ot th* middle plat*' ol a I ha*h and is 
expanded towards tlic median line, and is lower on the tulnTcle, 
the &Ctinal half of which, and sonietinieH more, it carries. 


The last and actinal plate of the combination (n». Tii is a primary, 
low at the mcnlian suture, alight ly higher at Oie jxiriferoua rone, and 
with an arched aboral edge which curves towards the mamelon and 
just reaches the tubercle, llie adorai edge of the plate is trans- 
Terse and straight, and it is the actinal boundary of the compound 


platc« 

Thus the three actinal platen of this compound plate resemble in 
shape and in jKisition the tlmn* a<l«nil phit*»s of the eom|)oiiiid plate 
abore, and it appears that the additional pbiU* of the ambit ul com- 
pound is either the fourth or fifth from the actinal i^lge. (Jn'at b» 
the downward growth -pnr^sarc must have Ik^d, then* an* no demi- 
plates. 1 have not had aecats to some of the most import4Wit |)oly- 
porouB species figun*d in Itr. WrightV monograph, hut which do 
not belong to his collection, and I can therefore only assert that in 
aU the forms of the group which have been examined by me there 
ist an absence of the demi-jtlaU*, 

Considering the Grst two groups of forms bithorto ttamod Pseudo^ 
diadema, it is evident that the ambuJacral structures unite them, 
and at the same time separate them from the polyporous group. 
It is interesting to note that these simple forms arc the oldest ; 
they differ from the re jont spoeics of Diadenxa in shajK) and size 
at maturify, and in the comparative height of their plates. More- 
over the occasional dcmi-platc in the tuberclo-bcariiig plate con- 
stitutes a distinction ; for this is not scon in the modem forms. 
The details of the poripodia of the ancient and modem forms 
are not quite the same. 

'With regard to the spines there is much difficulty in making very 
definite distinctions, and there are many loose spines found in the 
Secondary series of rocks which arc comparable with those of Diadema. 
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It appears consistent with the results of these researches to decide 
tJiatthe genus Pseudodiadema should be restricted to the forms with 
triple plates, with an occasional extra plate in the nature of a demi- 
plate ; that is, to groups one and two. Of such a genus the spe- 
cies placed in the following list may be taken as common forms ; — 
Pseudodiadema Moorei^ Wright; P. depressum, Ag. ; P. radiatum, 
Wright ; P. Bakeriop, Wooclw. ; P. priscum, Cott. ; P. incequale^ Des. ; 
p Wrightii^ Cott. ; P. prisewiaenue^ Cott. ; P. rotulare^ Ag. ; P. 
Benettuv^ Porbes ; P. ornatam^ Goldf. ; and the species which has 
been partly described in this communication. Pseudodiadema 
Broiufniarti, Ag., and P. Bailyl, Wright, may be taken as good 
examples of the subgroup w lih an occasional demi-plato ; and of 
course P. hemi.phm'icum is the type. 

On the other hand, the species with at least four and with five 
pairs of pores or more, both in forms not full-grown and adult, 
should bo ranged in another genus — Plesiodiadema. Under this 
genus will be arranged the species P. mamillanum^ Komer ; P. 
Micheliniy Ag. ; P. Blancheti, Des. ; P. Verneuiliiy Cott. ; P. tenuis, 
Des. ; P. annulare, Desor, &c. 

Pig. 9 (see p. 452). 


I. 


u. 
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IV. 



Genus Pedina, Agass. 

The diagnosis of Pedina (an Oolitic genus) has been partly 
noticed (page 422), and it is now necessary to determine what dis- 
.tinction the obliquity of the triple pairs of pores makes in the shape 
of the plates. 

Taking Pedina Bmithii, Wright, as the type, an examination of 
the specimen in the late Dr. Wrighfs collection indicates that 
the ambulacra are different from those of Hemipedina^ The 
arrangement of the triplets of pores is to a certain extent like that 
in typical recent Triplechinidae, and the first or aboral pair (fig. 9, c) 
of each series of three in one line is, as in the recent forms, the 
adoral or actinal pair of a triple compound plate, and is situated 
much nearer the median line of the ambulacrum than the pair 
immediately above (fig. 9, 6). The pairs are in oblique series of thieer 



434 


I'lioK, jn. t»> niK sirut'c'ti 


slanting lulnrnlly and towanis the 1 it wlwu a srri.^s of 

jmiw is misidori'd in rrluti<»n to a * '*uijMaunI | ito it a5.jw.4jN tij.jj 
there is really gnat an hing, Jor tlo m o .mi ,tml liinl jmirs of j^ns 
in the linear seiie> an* llie tii>t and m . oud j^ii of the euiii|.ouml 
plate, whiUt tlie third pair oi the j l.ite. iir the adofal. Iwhiu-^ (<, 

the linear serit‘s immediateh .i. f:n »1!\, . r ihe\ r murh iiearr the 

ambuhieral nu\iian liniv 

The pair (d' Ison's wliieh iti tie iJ .e tin i! p rt of a eompontul 

plate b the veoojui j^air of .1 trip!*'!, .m l of <-,u se the thin! pair 

Wongs to the tiiiiMle plate lb' . rnl’inat a». ’I'he ?». eoiul 
pair of the triplet of p..re** near r tite itit* railinin than tln^ 
first j»uir, wiiieh hol ie^'*' to the . oinp. ur.d plait ;ih <vr . hut the thin! 
pair, which is in the innMle jdait ot tht aie, i*^ loaiivM the 

interndium 

Hie jK-np^nii t of tiie jail's -re ratio l el The e-Tllpound 

plates aM‘ low and intJ* h ei wd* an 1 T'a :** a?. - » h vh th in four 

of them in e..nl:iet uitli an ir/err.-LiI jdait v.-htlv ;d ove the 
ambitus, la rt' the di i-j^r iinn. if.e ..ke?. h nu*. t ikeii. Thus ns 
each coinj«‘nnd jdate c.»:j i't> ‘ t tl.ne jdaten t ^ luidssed. tlien^ an* 
twelve in relation to an int« rtadial plat*'. 

In the sjits imen in l>r. Wrighl's eoluslion the sutures of one of 
the ambulacra can \>c distinguisht^l in a vertieal series of f*>ur plates 
(fig. hh the mast apical of w inch and the nirnst actiiml lx»iir t uWrelea, 
the two otherw Indng mmply gnaiular. Hie a}ia{M* of the ptaU'*# con- 
stituting the compound platew and the rlin^f tion of themitures difiem 
in some of the compound plaicfi ; iieverlheleiiw there is no difficulty 
in seeing Uiat the variation haa bc^'^n due to pre«#UFe frim growth 
infiueneing plates which, under other circumstances, might bare 
remained typical of DUv^rma, Hie arrangement of the corojionent 
plates is not at all like that mn n in Echitim^ and the genus PttUm 
does not enter the family of the K< hini projwr. 

Compound plate I, — Hie Hlgr^ of the plate whti'h an* in the 
lines of the suturtrs heiw <*en tin* plate and tlnm» iroint^l lately apical 
and adoral are, ns is usual, tr.tnsv«TM\ and r«"«ch th«^ nu^lian line 
at the reentering angle iT the median xigrag. 

The al)oral plate in) of the comjiound is a demi-plate which dm.« 
not reach far beyond the poriferous half of the combination : and 
the adoral pore is on tin* adoral suture, which is cunwl with the 
convexity directed actinally, 

ITie middle plate, a priiuarv, carries the bulk of the tuhrnle and 
gradually wcrea»eii in rertiruJ nwnHtirt m* tit from the poriferouH are^ 
to the vertical suture at the median line. If is baiinrh**^! nhorally 
by^ the demi^plato (a') and by jmrt of the trarwvrno Hutun^i and 
it is bounded actinedly by the edge and suture of the third platOf a 
primary^ (c). 

This suture is curved, with the convexity aboral ; it just touches 
the adoral part of tho tubercle, and reaches the median line at a 
slight distance from the actinal and inner angle of the compound 
plate. The direction of the suture is that seen so commonly in the 
third plate of a triplet in Ilemipedina and Diadema. 
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Thus the plate a! is a demi, plate & is a large primary, and 
plale c is a low and broad primary with an arched aboral edge. 

(’ompound plate II. — This is composed of three primaries, of 
which the middle is the largest and occupies most of the plate near 
th(‘ median line. The plate is truly Diadematid in its shape and in 
th(‘ details of the sutures. Plate a is a low broad primary with its 
adoral edge curved actiually. Plate c is also a low and broad 
primary and the aboral edge is curved with the convexity placed 
towards the apex. Plato h is low at the poriferous area, nipped in 
and lower further towards the centre of the plate, and expanding 
considerably towards the median line. 

Compound plate III. — ^This resembles the last ; but the direction 
ot the suture uniting the middle* plate with the adoral plate is less 
curved and approaches a straight line. 

Compound plate IV. — This is Arbacioid in shape and there is an 
aboral domi-jdato (a'), a largo middle primar}^ plate (&), and an 
adoral demi -plate (c'). 

The middle plate, much the largest, carries the tubercle, and the 
whole of the vertical suture is in relation to it. The poriferous part 
of this hatchet-shaped plate (6) is low. Plate a' has its actinal edge 
much curved adorally, and the suture nearly reaches the median 
line, but the plate is a demi-plate. 

Plate c', also a demi-plate, has its aboral suture curved with the 
convexity aboral, and it terminates short of the median line and at 
about the same vertical position as the suture of plate a!. 

It is evident that P^ina is a well-defined genus, and that the 
situation of the sutures which are in the ambulacra is different 
from that seen in the family Echiaidm, and in the main resembles 
that of Diadema and Psmdodiadema, 

The presence of the demi-plates fashioned after the Arbacioid 
type ally the form with llemicidaris. 

Genus SiOMECHmus, Desor. 

The examination of the ambulacra of the typical species of this 
Oolitic genus shows that the plates are not arranged after the method 
which characterizes the true Echinidse, of which the common 
Echinus is the type. The compound plates of Stomechinus are made 
up of primary plates combined and modelled after the Diadema type 
and not after that of Echinus or Strongylocentrotus, 

Desor placed this Oolitic genus with Echinus and Psammechinus^ 
and apart from the Diadematidm. 

The following is his diagnosis Synopsis des Echinides,^ p. 124) \— 

Urchins of moderate size, subconical, with pores distinctly tri- 
geminate as in the true Echini, Peristome large, profoundly cut, 
no longer decagonal, but in the form of a pentagon, the bifid angles 
of which correspond to the interambulacra. Spines striated longi- 
tudinally and small. 

JStomechinus bigranularisy Lamk., sp., is the type, and its synonyms 
are Echinus serialise Wright, E, intermedins^ Agass., and E, arenatus^ 



430 


p»OF. r. M, i»t‘xcA:« nil. mtrcri i;it f»r 


Lamk. Beaor notice that th<* Mmoimt **f thacutt tho p«rmto 
Men in the and that in M,mo i»|n*cin of the 

species this charaderistn jHvulmnt) nm ao v teiim» m in othew 
Kevertheless Desor, with hit nsuil ity* sei.^nl ufnm the cha- 
raeter which of itsidf di>iiiipnHlu*d ila** jrenuii fr m its foasil 
There ore numerous sinsnes. aiol the Hinvimcns, ho far as I can 
make out, have stune <»iher distinctne Htnidurt^a ^'<{ua!ly important 
with that cbmm by the founder of the genus. Tin frostily noticed 
characters, well known to all wntiw are *»f pt‘at imiiortanee now 
tiOiat the structure of the ambuhicm is <lwudt*d. Taking a good 
specimen of SiomaAiaus hbjrttnHlam fB>m the (in^at OoUte, it is 
that the apical disk is small and iximpnet, the head jplates 
projeot well into the median line of the intcrradta« and this Uno is 
Tory hare and well marked h\ the vertical suture. The triaiigular 
basals have large generative pt>n«« and alone form the anal ring. 
The radials art* wide at the adi»ral ctlgc, which is notched, and the 
optic pon* is in that wlgt*. 

The tubercles of bi>th anas are iinj»erforate, non-creuu- 

lated, and not wry The nmn of tubcTcJc^s diminish 

in numtien ab.ictimill\ . I’he ariibubicM are aliout one half of the 
width of the interrudin aN've the ambitus, tin»l at the j>eristoroe the 
ambubicra are nearly twice as wide as tlie iiitermdift. The pores are 
in triplets, and the aiubiit.H the of thrta'H are very 

oblique and barel\ in arcs, hui m unu the iM^istome they are more 
in arcs. The pairs an %er\ nuriurous, and although there is a 
crowding towards tht* |»*nst»irne stih the pnirs ire in place. 

Near the radial plate the punt^rais platis art low and broad 
primanV- A little wa> di»w?i. and wlert th* tirst large tubercle 
IS sci^Dj three pnjuane** hn\e e*>mhtn*J to form a tomjufUtid plate, 
low and broads The adorn J pLitr of the comfMtimd is a low 
piimary with a slight al>t>rni I»t nd. and the ahoraJ plate h aim low 
and broad, and it has an ador.il curve w her<» it eomoH in contact 
with the middle plate ; this is Jow at the poriferous part and 
expanded towards and at the median line. There are no dcrai- 
plates. The cuts are well dex loped, and yet in a form which will 
for the future be accessihle in the llritish Museum tlicse branchial 
slits are not so very distinctive ; but th(Tc is always the great wudth 
of the ambulacra at the peristome and the remarkable diminution of 
tho sixe of the interradia there. 

It appears therefore that, bearing in mind tho deep branchial cute 
of some modem Diadematidir ; and tho fact that these and other 
members of the family have bare median spaces, the peculiar shape 
of the component plates of llie compounds, and the nature of tho 
radial plates, Stomechiuns must come amongst the Diadomatidie. 

Its position is clearly near Pedina, from wdiich it is distinguished by 
the imperforate and non-crenulatcd tubercles, together wdth the 
deep branchial cute. 

Genus IIemicidahis, Agass. 

The genus Jlemieidarig, Agass,, is very readily distinguished from 
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all others, according to, its founder and Desor, by the structure of 
the ambulacra of the species. Desor remarks (‘Synopsis des 
Echinides Eossiles,’ p. 51, plates x. and xi.) : “ The distinctive 
character is found in the ambulacra, which, in one part of their 
length, particularly towards the base and sometimes as far as the 
ambitus, are furnished with true tubercles, which are smaller than 
those of the interradia, but trhicli like them are distinctly crenulated 
and perforated.” The generic diagnosis also notes that the pori.- 
feroiis zones are composed of two simple rows of pores which are fre- 
quently doubled at the peristome. 

If the narrowness of the ambulacra and the multiplicity of the 
pairs of pores are added to the above very definite characters, all 
that has hitherto been recorded about the morphology of the 
ambulacra will be found to have been stated. 

But the exceeding narrowness of the ambulacra above the ambitus, 
and the relatively narrow interporiferous area, coupled with the 
curving of long series of pairs of pores in relation to the great 
interradial tubercles placed near to the ambulacra, are necesshry 
additions to the diagnosis. The species are numerous, and arc 
Oolitic. Many of the forms from the Coral llag are well preserved, 
and show structures which have hitherto escaped notice and which 
are of considerable classificatory importance. 

In Hemicidaris intermedia^ Eorbes, and Hemicidaris crenularis, 
the plates of the ambulacra near the radial end are simple primaries. 
Each pair of pores is in a separate plate which either is ornamented 
with a tubercle or only carries one or more granules (fig. 10). 
There is usually an alternation of small tubercle-bearing and 
granular plates. The sixth plate from the radial plate, on ambu- 
lacrum II. zone a (fig. 1 0), specimen in Brit. Mus. no. 14122, may 
be taken as a type of the smaU primaries at this part of the 

Eig. 10 (SCO p. 452). 



ambulacrum, where the plates are numerous and narrow. The 
position ot the peripodium is usually slightly oblique and close to the 
interradial edge, near the adoral suture. The plate is broader than 
high, and much of it is covered by the tubercle. This is low and 
has a mamelon which is perforated. The granule-bearing plates of 
this part resemble that juvst described, except that a granule occupies 
the position of the tubercle. XTsuall}^ there is but one granule. 
The tubercle -bearing plate intrudes upon the granule-bearing plate, 
which is placed aborally, so that this last is often the smaller of the 
two. 

Besides the usual extension of the tubercle of the small primary 
plates very high up in the ambulacrum, an oblique direction of their 
adoral edge is often noticed ; and it is evidently the result of the 
upward expansion of a plate which is situated adoraUy. 

Q. J.G.8. No. 163. 2 h 
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from tJu* rfftHlii ot till* ohlfjutf} of tbi* t^lv %l 
tho phito luur Iho intniaiinim ;:i»nf<T iii'.rtual moa^urmont 
than that lo\>nnK llu’ muhan iin<‘. 

Numerous '»iuall aiul lo« |krimH \ huc 4 jmd 

in the uinhuhn rum uml«*r \\horrN t a i;r nuile^^lx uring 

plate IS in cvntaa aaorallx sm'Ai a -mail UiImm h Inmiiif; um* this 
Irts t inlrudo^ upon ami <h’l**rm*» ih* o*]v i itlii. I I K 

I'lK. I 




It* 

The platee 1*\ I^* 17, and 1", of the luime ambulacnim and «one. 
may he taken aa tj^iical of the gTeat<*r jMurt of tlie area halfway 
bctwmi the pn^at tubt^rch^ at the ambitus and the radial plate, 

Plate ir» is a low primim W'i!h a wry small mnmillated Um and 
three minute |jTanu]<*s. Tlie int# rjH^nlerous jK>rtioa i» on a slightly 
higher level than the [s>nn aM*a, jUid the alwimd edge of the 
plate Im’Iovv t plate lO) tit** into a space which is produced b\ this 
want of eonfomiit j «d’ lev< 1. 

Plate lt> is of the usual h* lirht in ihi* |x»^ife^»us area, hut it is 
forr <^1 up alxirally hv the * xpansnoi of the tulieirle-U^aring plate 17, 
»ituat<xl imm**«liateh .o tui.ilh Uf il, a^ to conform at its adoral 
e<Ige with thi‘ airve nf the l^i-e o\ the tuU rele. lleiK'e this plate, 
wbieh is Very Hjmr* iy oniano nt«d with a gnnule or two, i» almost 
Unear towanis tin lUMlrin line, 

Plate 17 h:is a small t^ils r* 1* whirh occupi<‘s nearly the whole ot 
a much e\pan<hd interpont* nui** arei. the ijo n as#* in growth licing 
apicfil. The n< xt piafe, m a /ow ftriwun with gr/i/iriles, ami it 

i** not i}/*fi*nnr(l )»\ t)>e *.ln;ht udor'il * xt4'nsion of the alxive- 

zuentiont^iJ lufn n If. All thf'-*- pInt**H /ttf primarif**. 

AVarer tho amlutuf* the fn^^ion o/ pnmfiriv**, fnrminf^ comi>ouiid 
plates with two pairs of pores, becomes eviclont. TIhih at platet* 35^ 
36, and 37 (fig. 11^), this is w’ell ween. 

Fig. 1 2 ( sec p. 452). 

3r> 

36 

37 

Plate 35 is a primary, or, rather, was one before its adoral edge 
noitcd, organically, with tho aborol edge of tho plate 30, and boforo 
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this union produced a sjrmmetrical plate towards the median line. 
Tlu' tubercle of plate 36 intrudes on plate 35, the adoral suture of 
which crosses the boss to reach the median line not far from the 
apit al angle of the compound plate : this suture is curved, with the 
convexity directed adorally. A few granules are placed between 
the tubercle and the median line, and upon the apical part of 
plate 35. 

On comparing plates 35 and 36 with plates 16 and 17, it would 
a])pcar that the resisting power of the plate 35 was greater than 
that of plate 16; but this is the first evidence we have of the 
direction of the aboral plate of a combination. It is important to 
observe that the poriferous area of jdate 35 is higher in measurement 
than the part close to the median line. 

The tuberculiferous area of plate 36 is much larger than the 
corresponding poriferous area. The next plate, 37, is a small low 
primary, with granules, and the first step towards its organic 
connexion with plate 36 is the symmetrical arrangement of the 
granules in conformity with their place and trend in the two other 
plates 35 and 36, which certainly do form a double-pored combi- 
nation. 

The structure of the plates immediately aborally to the first large 
tubercle at the ambitus, counting from the radial plate, is simple as 
a rule, and differs in a remarkable manner from that of the great 
tubercle-bearing compound plates. Taking the Amb. III. of the 
species of Hemicidaris^ and the zone “ a,” it will be noticed that the 
small compound plate placed aborally to the great tubercle, consists 
of three low primary plates united to form a symmetrical com- 
bination (fig. 13)*. The tubercle which is placed on this compound 


Fig. 13 (see p. 452). 



plate is small, and its boss is crossed, from the poriferous area to the 
median lino, by the sutures of the aboral and adoral plates (37 & 39) 
where they are in contact with the edges of the central plate, which 
usually has the mamelon upon it (38) . The lin e of the sutures is almost 
transverse in most instances; but it may happen that the adoral 
plate of the combination is so jammed by the huge tubercle of 
the plate immediately on the actinal side, that it becomes a demi- 
plate, because it cannot reach the median line (fig. 14). 

The following is the construction of a large tubercle-bearing plate 
at the ambitus (figs. 13, 14). 

* Specimen 24122, British Museum. 

2 H 2 
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The tubercle coven nearly the mhi4e of the three pUtea which 
compose the i*oiiiiKmnci j4ate, and even the pri[»ociiii on* on iu 
siojK*. 

The tulx'rcle, as is well known, is lar|?e and tall, hm a aloping 
boss, a witle frenulatcHl rid^* and jrroo'e, and u lar^e |M^rforated 
mamelon. Th«*re are thne pur.- jH^res Mtrr<>und(*d b\ as many 
peripxiia in imnuvUule r»liti«>n with tlo plate, and they w rather 
distant and in an are. (A p.ur -Hitui!*!! adanilh t^» the otlK‘rs is in 
Otmne.xinn uith the coni|w»und plat^ phned imnndi itely actiimlly. 
A^aiit. a pftir xvhnli is '*n ii hue nith tl f ah^ niJ id^»eof tin tubercle 
bidoiips to the }date ahe\t j ^n « \ai«H in;; n*<*st **jHrnnenH the only 
trae<‘ of a Miture In ttu^-n urn of tin ii‘/n;«uienf jd Ue% in seen very 
^cTJonilh us u fhpn s^Cii line on the •'ide oi the towunls thv 

modian lint* of thr ujiilmJurniw run! ;i.i— in^' tfiO ithoral and 

inner an^de of the rojuj^nund /dale or luther oi the tul)ercJe. The 
direetion of the line is a]»i< aJ and t«» the rnediun hne, and it 
reaches this la^t either slijrlitly or considerahJ} holow the nhonil 
angle of the comjxniiid plate at the vertical suture. Hut in many 
weathered bpecitnens tliero U another aii<l dhtirut suture visible, 
and it jiasscs aetinall) trom the cniiulated edge ovtT tlu‘ adoral taco 
of the bos‘', and it may reach the transverse suture witli a gentle 
curve. On the j>oriferou.s side of the tubercle the first-mentioned 
suture is seen to lx* in relation w'ith the liighest of the three 
peripodia of the jdate, to eoinnieiice in the line of groove passing 
adorally to the ohli(piely jdaced first ])air of ]>ores, no. 40, and to 
reach uj> tlie side of tin* ho.N-^ to the en inilaUd ridge, and then to 
cross the boss towards tlie median line. The direction of this suture 
may be in a right line or ii* a slight cur\e with the convexity 
looking actinally. The suture joins the ahonil and central plates of 
the triphd, and it leav(‘8 1h(‘ mamelon adorally and ]mrsut‘B a more 
or less oblique course. It is clearly touched by the adoral pore of 
the pair. 

The shape of the suture and its direction determine to a great 
extent the shajK* of the aboral phitc of the comhimition, and this 
is a primary* plate with tlic poriferous anvi liighcT in vortical 
measurement than the opposite extremity, and with the inter- 
mediate part the highest of all. 

The next pair of pores. situaU’d adorally to the la^t, ore also 
ohlirjucly placed, and on the edge of the boss (no, 41), and the 
adoral pore is in contact with a suture which passes inwards and up 



THE AMBULAOEA OP POSSIL ECHINOIBEA. 


441 


the flank of the boss adorally to the crennlatod ridge, and which then 
turns with a more or less wide angle to reach the suture between 
the tubercle-bearing plate now under consideration and that placed 
immediately adorally. But the suture does not reach the median 
line of the ambulacrum, for the plate (42) which it bounds aborally 
is a demi-plate ♦. 

This demi-plate, the third or adoral, of the compound tubercle- 
bearing plate (no. 42), varies in size in different tubercles and is 
always highest at the region of the boss. 

The central plate (no. 41), which is bounded actinally by the 
suture first described which crosses the tubercle obliquely, and 
also by that just noticed, is very large and is a primary. It is rather 
low at the poriferous area, but the height increases on the surface 
occupied by the mamelon, and all the inner part of the combination- 
plate is occupied by it towards the median lino, except a small por- 
tion close to the aboral and inner angle which belongs to the highest 
of the triplet. Thus the great tubercle-bearing compound plate is 
composed of a largo intermediate primary, a smaller aboral primary, 
and a large demi-plate (sometimes a primary) which is the adoral 
of the three. 

It is interesting to note that in shape the aboral plate re- 
sembles the corresponding plate in the genus Diadema^ and that 
the adoral has frecjuently the outlines of the corresponding plate 
in Ccelopleuras, Duncan and Sladen, op. cit. 

All the great tubercle-bearing plates of Hemicidaris show the 
details just dcscrfbed, and if there is any variation it depends on 
the position and nature of the plate towards the peristome where 
the sutures come closer together. 

In the majority of ambulacra the next three plates, situated 
adorally to those just described, carry a large tubercle resembling 
in shape that noticed above, but smaller. The plates form a com- 
pound one, and the lines of their sutures and therefore their shapes 
are the same as in the compound plate just noticed. The peri- 
podia are in an arc, and are three in number, and the aboral plate 
ot the triplet is a broad and low primary resembling that of the 
first tubercle-bearing plate ; the second is also a large primary, and 
the third or adoral plate is a demi-plate. 

The next compound plate is also a triplet, and so are all the others 
down to the peristome. The pairs of pores and their peripodia are 
closer, and the arcs are interfered with in consequence of growth and 
pressure; but the three peripodia of a tuborculiferous plate can 
always be distinguished, although the second poripodium of a series 
may be almost excluded. There is no addition of plates or pairs of 
pores, and the position of the pairs corresponds with that observed 
and described by Loven in Btromjylocentrotus^ although the expla- 
nation he gave will hardly meet the instance of Hemicidaris. 

An important exception to the rule regarding the regular sequence 
of the ambulacral tubercles, occurs in some specimens. Thus in a 

* There is some variation in different specimens and the suture does reach 
the median line in some (see fig. 13 ). 
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well-preserved speoimen the first frrcut tubcrcle-h< ‘aring compound 
plate of ambulacrum III., zone “ a/’ is followed apically by granule- 
bearing plates, two of which dearly form a compound plate; but the 
third or adoral one seems to have l^omo januued into the aboral face 
of the tuberde-bearing plate below (fig. 15). 


Fig. 15 (see p. 452). 



It is evident that there arc four plates in this compound one, and 
that the existence of the small denii -plate is duo to the great pres- 
sure to which it was subjected whilst a primary. 

Hemicidarin granulosa ^ Wright, a species from the Inferior Oolite, 
of which there is a specimen in the Museum of Prm tieal (leology, 
Jennyn Street, has the ambit J compound j)]ates made up of four 
primaries. The three placed actinally present the typical Dtadana-- 
arrangement, and the aboral plate is a low and broad i)rimary (fig. 16). 

Fig, 10 (see p. 452). 



The same arrangement of four plates in a compound one occurs 
in Jtfemicidaris Wrvjhii, Desor, from the (Ireat Oolite. 

In small and immature specimens of Jhmicidaria intermedia the 
plates which bear the great tubercles at the ambitus arc made exactly 
after the fashion of the simplest Pseudodiadema, 

In a specimen of //. pustidosa, Agass., in the Museum of 
Practical Geolog}% the suturing of the plates at the peristome is 
perfectly visible. The pairs arc in triple scries, and the plating is 
like that of the simple Pseudodiadema, 

It is certain that there is no trace of a demi-plate in those last 
three species. 

It is possible that tho existence of a dcmi-plato in some of the 
specimens of H, intermedia may be an individual peculiarity ; for 
in the specimen already noticed with a domi-plato jammed into 
the aboral part of a compound plate, there is another anomaly. 

The compound plates begin nearer the radial plate than is usual, 
and the plates of zone “ a,” ambulacrum 111., numbered 31, 32, aud 
33, form a triplet (fig. 17). 
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Fig. 17 (see p, 462), 

31 
82 
88 

It appears, then, that in the genus Hemicidaris the multitude of 
small primaries is succeeded by doublets or triplets and the great 
tubercle-bearing plates. These are either triplets after the Dutdemor^ 
type, more or less modified, or have four pairs of pores, the additional 
pair being in a low primary, which has been joined to the aboral 
edge of a compound plate, or in a demi-plate (fig. 16). The influence 
of the growth of the large tubercles upon the spreading of the middle 
plate and the curvature of the adoral and aborfid plates is very 
evident. 

Finally, it appears that the arrangement of the triplets when 
crowded at the peristome is not very remote from that seen in some 
abactinal parts of the ambulacra of species of Pedina, 

Genus Diplopodia, McCoy. 

Small immature specimens of such types as Pseuidodiadema versi-- 
pora show a doubling of the pairs of poras near the apex unlike the 
condition which prevails in small specimens of the true Pseudo- 
diadema^ which are unigeminal. This species, according to the 
principles which govern the classification of the recent Echinoidea, 
cannot remain in the genus Pseudodiadema^ and must come within 
Diplojpodia. 

Other forms are said to become diplopodous only at adult age, and 
this has been considered a sufficient reason for not placing them out of 
the genus Pseudodiadema ; but it was forgotten by the adopters of 
this reasoning that zoologists must consider the adult development 
of a form, and not its immature condition. A form with bigeminal 
pairs of pores in the upper part of the ambulacra is a Diphpodia ; 
and as yet I must confess not to have been able to recognize any 
forms about to become diplopodous. We can only deal with absolute 
facts, and not with presumptions. 

The question arises, leaving out the bigeminal nature of the pairs, 
Are the other generic characters sufficient to separate Diplopodia 
from Pseudodiadema^ 

It appears that the diplopodous condition near the apex is accom- 
panied by crowding and doubling of the pores near the peristome, 
and, as a rule, by some departure of the pairs of pores in plates at 
the ambitus from a regular line or arc. 

Moreover, the structure of the part of the ambulacra near the 
radial plates differs in the diplopodous series from that seen in the 
true Pseudodiadema, There is not that blending of the small plates 
into compound ones which is a character of Pseudodiadema, 

When there is such a combination as in Diplopodia Roissyi^ Cott. 
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(Kchinidos du Depart, do la Sarthe, par (’ottcaui rt lN*)<>, 

plate xxxiv, o), the proprioly of callin:; thospi • io« a I^lj^lopotfia 
is doubtful; for the pairs of pores r<.*»eml»le in tloar arran^oment 
those of Peditut, 

The genus Cifphosohia, Agaas., is charai teri/ed h\ the doubling of 
the pairs of pores near the i»j)e\ ; and thi^ i‘liara< t<T is rertanily 
developed with varying age aoeordinir to the ^peeies. Hut the adtilts 
have the character, and t* e forms which an* without it are placed in 
the genus Coj^tosoaut , Desor. Tlie alhanct‘ of i [f//>honomit to the 
PseKdodiadtma-f^TOU]) is evident from the common exti-rnal eJiaracU'rs, 
and there ore points in tlie structun' of the amhultu ra which unite 
the genera and at the same time refer to the 1 riplechinida\ 

Diplofobia vkr8IJ»ora, Phill.» sp., non Diplojuxlia xuftan^ularis^ 
McCoy. 

This species, usually attributed to P$eud*uUmhma^ is very familiar 
to the students of the fossils of the Coralline Oolite, and it has been 
figured by Dr. Wriglit (op. eit. plate vii. fig. 4), 

The nature of the construction of the ambulacra has not l)een 
given, except in a general manner. 

The diploj)odous condition of the pairs of |K)rt‘H is %vcll worthy 
of study, and it can be exainiiu'^l in a H|>ecimen in my pt>«sesMun. 

Taking one of tlie zones of an amhuhicrum, it is that the 
first plate next to and in contact wdth the radial plnU> is a low and 
narrow primarj% with the adoral pore thmc to the nn^iun line of 
the ambulacrum, and the alK>ral j»hiecd ohIii|ucly to it, the first- 
mentioned pore being also on the line i)f suture Ik^Iw'ihui the first and 
second plates (fig. I ^), llie second phti* is at least twice the size of 


Fig. IS (see p. 



the other, is slightly higher and much broader, and the adoral 
pore reaches the suture between this and the third plate, being 
placed almost directly acfcinally to the aboral pore of the first 
plate. The aboral pore is far out of the vertical line of the corre- 
sponding pore of the first plate. Both of the plates are primaries, 
and do not form a compound plate. Tlio third plate is high at the 
median line and very low at the ambulacro-interradial suture ; the 
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aboral edge is transverse, and the actinal is oblique from the median 
upM ards and outwards. The pair of pores is decidedly oblique, and 
the aboral pore is on a vertical line with the adoral pore of the 
second plate. 

Plate four is a primary with a large expansion in the poriferous 
part and a very low and almost linear interporiferous area. 

Its pair of pores are nearer the interradium than those of plate 
three. Plate five is a primary, its shape is irregularly rectangular, 
and it is larger than any of tho plates noticed ; the pair of pores can 
hardly be said to be one of the inner sot, and there is a small 
tuberdo close to the median line. 

Following the rule which has been observed in recent forms, this 
tubercle, being bound to grow in all directions, prevented the adoral 
growth of the plate immediately above. 

Plate six is low externally and higher somewhat towards the 
median line. Its pair of pores are in aperipodium, and they belong 
to the inner row. Plate seven, also a primary, is largest close to the 
interradial edge, where the pair of pores are, and it is almost linear 
towards the median line. It is decidedly broader than the other 
plates hitherto noticed ; and indeed every plate in this region becomes 
broader as the distance from the radial plate is increased. 

This plate is one of the outer sot. 

Plate eight is very low externally, swells at the peripodium, and 
is higher at the median line ; its pair of pores belong to the inner 
series. Plates ten, twelve, and fourteen belong to the same series 
as plate eight, and are formed after the same plan ; they are all pri- 
maries, and have low and almost linear outer parts ; the pores belong 
to the inner set and tho plates are highest at the median line. On the 
other hand the plates nine, eleven, thirteen, and fifteen are upon the 
same type as plate seven, and belong to the outer series, with low 
and linear portions near the median line and enlarged poriferous 
zones. 

In a young specimen the alternation of different-sized plates, all 
of which are primaries, extends at least to the twenty-fourth plate. 
Then the primaries become combined into a compound plate, some 
being blocked out, however, from tho median line and becoming 
d(‘mi-plates. This condition is seen in adult as well as in young 
specimens, and just where the bigeminal pores begin to diminish 
and to be replaced by simple pairs. 

The first compound plate is a tubercle-bearing one in tho specimen 
under examination ; there are four pairs of pores belonging to 
it and they are in double series (fig. 1 9). (The upper two pairs do 
not belong to tho plate.) 

Fig. 19 (see p. 452). 
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The aboral pair, <i, like the others, is ohlitjue ami \i\ a peripodiuni. 
It belongs to the inner series, and is separated froi. the ititerrmlia) 
suture by a rather large spa(*e, whieh is ornament d. The nd(»ral 
pore of the pair is on the line of siitun* hetw<»en th« poriferous plato 
and the next in adoral succession, ami t)ie sutun* is rurved with the 
conroxity adoral, so as to reach the tl ink ot (he 'los^ and da^nce 
to pass inwards and aliorally, to the median lim% ml close to the 
ahoral angle of the geometrical comp^mnd plato. This plaU% with 
the aboral pair of ])ores, is of the ; 1 ut tin* pores are 

remoter from the interradium than i^ the ca^e in the genu^ /Wio/o- 
diadtma. 

The next pair of pores, placed uetinally. is closo to the inter- 
radium, belongs to the outer ami is in a j)crijK)dumi, The plato 
is nipped in ju&t adorall\ to tlie pt>sition ot the lirsf pair, and it then 
expands so as to include the inameloii ami mneh of tin Ikihs and form 
the greater jiart of the coinp<nind plate m* ir tin* medi in line. 

The adoral pore* of the pair is in contact witli the suture at the 
edge of the plate below, which curved with the convexity ahoral, 
and the suture reaches the median lino sliglitly ahorally to the 
actinal angle of the .compound plate. This suture i*» tlie limit of 
the third plate, r, of the combination, and this has its |mir of pores 
forming part of the inner series. The adoral pore of the plato (r ) is 
on the transverse suture placed actinally to the compound plate, 
finally the actinally placed plate, is a dcmi-plnte which may aeom 
to have nothing to do with the combination ; Imt it forms a small 
portion of it, and the pair of {>ores belongs to the outer series. 
The plate does not reach further tow^ards the nu^dian line than the 
position of the adoral pore of the pair of the third primary plate. 
There is no doubt that such a combination is not found in the 
genera Diadema and PseudodUtdema, 

Nearer the^ambitus, or at that spot, the usiril numlier of pairs of 
pores to a compound plate is four, the line of the pairs is simple, and 
the distribution of the comprising plates is as in the species of 
Hemicidaris^ that is, there* are four primaries, of which the third 
is the largest (hg. 20). 


Fig. 20 (wo p. J52). 



In some plates, however, there is a domi-plato; and then 
the structure rather recalls the com])ound plates^'^of tho Plesio^ 
diademata. 

The doubling of the pairs of pores towards the peristome is 
almost a copy of that seen near the radial plate ; there is no oddition 
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of new plates, and the triplets are all reducible to tbeir normal 
position from which growth-pressure has forced them, on the 
piinciple elaborated in the instance of Strongylocentrotus &c. 

In very young examples of Diploijodia versipora the doubling of 
the apical pores is seen, and the large compound plates are of the 
Dfadema-’ijjie. 

In iJiphpodia Malhosi% Desor, of Cretaceous age, the replace- 
ment of the ordinary dcmi-plaie of the ambital plates by a low 
and curved primary is not uncommon, and both conditions may be 
seen in the same ambulacrum (fig. 21). 

Fig. 2 1 (sec p. 452). 



Genus Ctphosoma, Agass. 

The genus Cyphosoma is diplopodous ; but the structure of the 
ambulacra is different from that in Pseudodiadema and Diplopodia* 
Many of the species are polypores, and four, five, or six plates may 
enter into the construction of a compound and tubercle-bearing 
plate. Cyphosoma Kbnigl is a very good example, and well- 
weathered specimens are common. They frequently show the line 
of partition between the component plates of the compound ones, or 
rather the lines may be distinctly seen passing from the adoral pores 
of the oblique peripodia up the boss, and more or less obliquely 
towards the mamelon. In the majority of specimens two sutural 
linos are seen on the flank of the boss which is opposite the 
peripodia and near the median line of the ambulacrum (fig. 22). 
These are perfectly visible in most cases. See figs. 22-25. 

Fig. 22 (see p. 452). 
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One of these, that actinally situate, is seen to come from the 
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adoral and inner sliouldor of the crenuhition on tht' l»oss, and to jm«a 
obliquely uctinally and towards the iinMlian lint* of the umhulacruni. 

The line forms an arch, the chord of ^\hich i* the transvci'se 
suture at the aetinal edtre of the coinjiound jdatc. The other line 
starts from the ahactinal and inner '']iou]<ler of 'lu* crenulation, 
and passes ol)li(]Uely aha<‘tinally and towanU the in dian line. 

Both of these well-marked lines are “Ut oral, are het\ieen eertain 
plates, and they both reach the median t>i xiatiiad suture of tlu^ 
compound j>lates. The adorally Nitu.it* d line is t u* ahoril limit 
of a primar\ plate, jiist as the ahor.il hue !> t’ e limit of tlie 
aboral primary ])late of the e<nnhin it ion. V hue « an be tniced from 
the first (the moNt ahactinah peripo«linin of the compound pl.ite to 
the part of the crenulation,at the ahoial and out<‘r houlder of the 
boss; and there is little doubt of the continuits alon.: the idiactinal 
edge of the inanieloii of the Mhoh*a(tinal lim*. 'I'he 1 ist jM‘rijM>dium 
but one of the compound plate, count ini' trom the abaitinal peri- 
podium, has a line jiaNsing from tin* mlonl pore i»bln[uely inwards 
and towards the lUMrest shoulder of tlie bo^H, and this iorres|H>nds 
with the aboral cdi;c of the actin il ]>rimar\ plate of the combina- 
tion. lienee there is an adoral primar\ ivith a bent or curved edge, 
and there is also a similar aetinal primar). There is also a midiile 
primal^', the direction of the arching of the plates being op[»osite. 

In the compound plates with .six pt‘rip<Klia there is an aboral 
primar}% an adoral primary, and there ;iro also lincw of Butuw 
passing to the base of the mamelon from the 2nd, Jirtl, & 4th iH‘rii>odia 
(besides those from 1 & o). But, as in the instances of the com- 
pound plate with five peri]K>dia, there are* no signs of sutural lines 
passing down the inner flank of the boss corresjKinding to the 2nd, 
3rd, & 4th lines on the outer or int<*rradial side. 

There are, then, three demi -plates to the comimund plates with 
six peripodia, and therefore there is a third primary plate, as there 
must also be in the combination with five |M*rijHxlia. 

The position of the third primar} is readily made out on the part 
of the tubercle-lK'jmrig jilute near Ihi* median line, for it must rdate 
to the expansion that cxist*^ between the inner ends of the aboral and 
adoral pktes. But its position ni'ar the* pcn{HKlia is a matter of 
doubt, in consequence of the homogoueou.s condition of t)ic mamelon. 
The direction of the part of the jilate-s close to the jjoripodia is, 
however, a somewhat correct fruirU> where to look for the primary 
between the others. Certainly the first pair of jiores is in relation 
to the aboral primary, and it is clear that the second pair is in a demi- 
plate. In most plates the narrow part between the demi-j)late just 
noticed and the next lino in adoral succession, passes either directly 
transversely or slightly actinally and towards the boss, and it is this 
direction which opens oat two possibilities regarding the position of 
the middle primary. 

In the compound plates with five component plates, the peripodia 
(fig. 23, nos. 1, 2, 3, 4) have sutural lines represented by grooves 
passing from their adoral pores to the mamelon, hut not so the fifth. 
Of those Hnes, nos. 2 & 3 pass up the boss to the crenulated groove 
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and are then lost at the very base of the large imperforate mamelon^ 
Th(3 lines converge, and as the other linos of union of the plates 
nos. 1 & 4 already mentioned also converge, a very marked feature 
results ; hut there are no lines in continuation of those numbered 
2 tV 3 to be seen on the i)art of tlie tubercle near the median line 
and between the two very distinct lines already noticed. Conse- 
quently there must be at least two demi-plates, also the aboral and 
adoral primary plates, besides a middle primary. 

Fig. 23 (sec p. 452). 



There is sometimes an appearance in compound plates consisting 
of five plates, as if the third plate from the abactinal edge were the 
middle primary (fig. 23). The fourth ])late appears to be a demi- 
plate which joins on to the fifth or the adoral primary. 

This arrangement would be very exceptional amongst forms of 
Echinoidea with many derai-platcs ; nevertheless the position of the 
middle primary would be that seen in the Diadem atidm of the 
recent fauna, with the addition of a demi-plate placed aborally and 
adorally to the middle plate. 

It is also to be remembered that Alex. Agassiz gives a diagram of 
Phymosorm (Cy^phosoma) crenulare, Agass., in the ‘ Revision of the 
Echini,’ plate vi. fig. 2, in which the middle primary has a demi-plate 
on either side of it, and the arrangement is the same as that now 
under consideration. But the species mentioned by Agassiz is not a 
Cyphosoma, for the abactinal pores are not diplopodous ; the form 
must come within a new genus. 

This diplopodous condition of the pores must be considered in 
investigating the formation of the arabulacral compound plates. 

In a specimen of Cyphosoma Konigi, Mant., there is a compound 
plate higher than the ambitus, in which the diplopodous condition 
lingers on, and there are three double sets of pores (fig. 24). 

Fig. 24 (sec p. 452). 
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The rule is followed in the compound plate, with regard to the 
succession of the pairs, which prevails more abactinally and where 
the double sets are not united in compoun<l plates. The outer pairs 
of pores are in plates which are crushed and crowded out from the 
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median lino of the ambulacnim l)y tlio growth i i the inner net 
riati^ 1 of the compound is in relation to uii inner }• lir of j»ores and 
it i« the aboral primary. Plate *2 is oru' \)t' ihi' outt r set and it is a 
demi-plate which only readies a vory shi^ht distain from th(' pair 
of pores. Plate 3 is in ndation to an ihiht set o( ])ore*., and it is 
larger than the last, but still it does not ri\n li tlu» median line ; it 
is a large demi-plate. Plate 4 is a small denii-plat<‘ and it belongs to 
the outer series of poriferous plates. Plate is out* oi ihf‘ inner senes 
and is a large primary, the mitldle one (»f the thiee piimarieH. 
Plate (» is one of the outer set and is a Lirgi* denn-[d ite or possibly 
a primary. It is of the usual shape of the adoral primary in com- 
pound plates »ituati‘d lower dow n. 

In a compound plate uith six plates, in Dr. Wright's collection, 
of which I took a diagram (fig. there is little doubt that the diplo- 

Fig. 25 (see p. 452). 



podons condition must lie considennl as really affecting the relative 
dimensions of the plat<*.s. In the spt»rimcn ( C, Konuji ) the existence 
of an adoral and ahoral ]irimary is evidtmt, and tluTC is a large 
middle primary* : hut it is in rdatimi to the fifth pair of pires. l1io 
second, third, and fourth plates are dcmi-plates, and are arrangcxl 
after the fashion of Stnutffffhnnfrotu^^ti^ ilcscrilusl by h>vvri. This 
is the same airangemcnt as is seen in the flijfhfpodous compound 
plate. 

Under the circumstaiice.s the C\phosomoid type of arahniamim 
differs from the Diadtmm-typc in its .siinjdest exjire.ssioii, and also 
from the (iiploj)odous tyjs* exemplified in DiphtpinHa v^rstpora. 

The Cyphosomoid type may b<* said to uriitt* the Diadoinatoid and 
the Echinoid t}*pcs. 

lY. Conclusions relating to tiie types ok Ambul\cra. 

It may ho now assumed from the results of former oliservatioiis, 
and from the consideration of the structures noticed in (his essay, 
that there are certain well-defined types of amliulacra in the regular 
Eebinoidea. 

1. The Cidaroid type. All the plates of the ambulacra are 
primaries, and they do not combine to form compound plates. 

2. The Diadematoid type. The newest plates are primaries, and 
at greater or less distance from the ambitus three primaries unite to 
form a compound plate, the middle i)late of the three being the largest. 
(Joum. Linn. Soc. ZooL vol. xix. p. 95, 1885.) 

3. The Arbacioid type. The newest plates arc primaries, and at 
varying distances from the ambitus three primaries unite to form a 
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compound plate, the middle i>late being the largest, and the two 
otliers are smaller and become demi-plates in consequence of the 
growth -pressure exercised by the great tubercle of the compound 
plate. (Journ. Linn. Soc. ZooL vol. xix. p. 25, 1885.) 

4. The Echinoid type. This has primaries near the radial plate 
and then compound plates are seen of three or more plates combined. 

The middle plates are demi-plates and the primaries are aboral 
and adoral, or all the aboral plates may be demi-plates. (Loven, 
Etudes, and Monogr. of the Fossil Echinoidea of Sind, Pasc. Gaj 
Series, Pal. Indica, Scr. xiv. 1885, Duncan & Sladen, Ilipponoe,) 

5. The Cyphosomoid type. This unites the Echinoid, the Diade- 
raatoid, and the next or diplopodous type. 

6. The Diplopodous type. The primaries near the radial plates 
are, in young forms as well as in the adults, arranged in a double 
row ; and this condition reaches to a greater or less distance towards 
the ambitus or oven to the peristome. There is great diminution of 
the height or absorption of the non-poriferous parts of some plates. 

It is evident that while the (Xdaroid type never varies, the 
Diadematoid and Arbacioid types tend to the Echinoid type in some 
instances on account of the formation of one or more demi-plates in 
a compound plate. 

It is also interesting to notice that the Arbaoioids, which came 
later in time than the Diadematidae, have the usual simple Cidaroid 
arrangement in the young plates near the radial plate, and at some 
distance down a plate or two on the Diadematoid type. Then come 
the true Arbacioid compound plates. 

The demi-plate came in with the Pseudodiadeniatay and became of 
importance in the construction of the compound plates of Goelo- 
pleurus and the later genera of Arbacioids. 

Finally tho differences in the construction of the ambulacra 
necessitate the separation of the genera Plesiodiadema and Dipio- 
podia from Psendodiadema. 

The only notice that 1 have been able to discover of the re- 
markable disposition of the plates of tho Diadematidae is in the 
description of Ileterodladema ouremense by De Loriol (Recueil Zool. 
Suisse, t. i. no. 4, Sept. 1884, p. 626). There is a drawing given 
and a description of the triple plate, and they conform to the type 
of the true Dladeniata. 1 did not see this communication of M. de 
Loriol until the essay I have read before the Geological Society was 
completed. Cotteau gives indications of some sutures in many of 
his plates on the Echinoidea, but he does not describe tho sutures or 
pay attention to them. 

DESCRIPTION OF THE FIGURES IN THE TEXT. 

Fig, 1. Two compound plates of Sfrongylocenfrotus, after Lov6n (p. 421). 

2. A compound plate of Hcmipednia Jardmi, Wright (p. 423). 

3. A compound plate of Hemipedina Tnarchamensib, Wright (p. 424). 

4. A compound plate of Hemipedina tuhercidom,^ Wright (p. 425). 

5. Part 01 the ambulacrum near the ambitus of Psevdodiade/ma hemi* 

spharicumt Lamk. (p. 428). 
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Fig, 6. A compound plate with a domi-platc of Uie Katno tor>n (p. 420). 

7. Two compound platea of Psrudttdutdma dvj^premm^ \ tir. (n. 4.^10). 

8. Two compound plates at the ambit ue of Ph^hduidatui yfichelini, 

showing the numerouH priiiiarjr platee (p. 4^11 ). 

9. A diagram of foiur compound plates of Pahm Sm,*hi, a. Primary 

plates, hkc also primaries, a* & c' are deini-nlah-H (p, 43ii). 

10. A single primair of Hemhidann interfftedia (p. 4o7). 

11. More or less deformed piiroaries (p. 4«‘i8). 

> 12. The first compound plate from the union of two primaries, a third and 
UDunited primary beinff beneath (p. 4«i8). 

13. Two compound plates or Hemieuiaris trrnuhris. The lower idate 
oarries a great tubercle. Amb. iti. (Brit. Mus. No. 24122) (p. 
lA Two compound plates of ^ewuWrfflrris erma/om (p. 440). . 

15. Two compound plates of HemiMmJii intrnmdia : the sdoml plate of 

the upper series has biH>u ft>ritiM) into a demi*plate bv growth- 
pressure, and now forma a part of the lower plate (p, 442). 

16. A plate of Hmicidaria tfranuma, showing afllnities with PieHodiadma 

(p. 442). 

17. Tlie first triplet of a s|->ecimcn of Hemicidari» (p, 443). 

•18. The ambulacrum near the radial end «*f IhjduiHxlia xTrs/iptmi (p, 444). 

19. A compound plate of vfrmjHyra, showing the pcrsiBtenoo of 

the diplopoclout* Arrangement (p 4t.’>l 

20. A <‘ompomid plate of the same .«.|m*cu‘s with a low primary plate (p. 446). 

21. Two plate- ot JJtp/-ffudi4t I)esor. In the nctinal them* m the 

armngvuienl of Phsii>*l4adn*kit, and m the other that of the Liassic 
Diudematula* (p. 417). 

22. A compound plate of ^ pph K>f/npi, Mant.. wjiJ) -ix pIntvA nhowiug 

the numerous stitanil Itnv-* on the pori/ennjs Nide and the two line# 
towards the vertical suture {p 447 1 

23. A coin})Ound plate ot the same Pj>ecies with five plates and the sutural 

lines (p. 449). 

24. A comjKJund plate from the same sjx'cimen showing tlie relies of tho 

diplopcKlous arrangement, and indirating the alternation of large 
and small ])lale8 and the direction of tlie Mitures. (p. 449). 

25. A diagram of the platen and sutures in n sp<*cimen of CT/phof>oma 

Kuniyi, in the colleetion of Mu* late Dr. Wright, F.K.S. (}>.*450). 

All these figures are magnified and more or less diagrammatie copies from 
nature. 


Discussion. 

Mr. W. Percy Sl.\den spoke of the importance of this communi- 
cation, both on account of its explaining jioiiits which wore little 
known and for its hearing on classification. . A. Agassiz and Loven have 
cleared up some of the difficulties in the classifictition of tho regular 
Eohinoids, but probably this contribution to the question would 
prove of still more importance. Ho had himself had the opportunity 
of following and confirming Dr. Duncan s observations, and exjircssed 
the strongest conviction that the structures indicated would shortly 
be shown to be of higher importance from a morj)hological point of 
view than had hitherto been supposed. 

Prof. Seeley said that it seemed to him that this was a most 
important contribution to zoological palajontology, and its importance 
would be more clearly seen as its bearings on classification and 
evolution were traced out. It showed the cfiects through genera- 
tions of crushing upon the characters of the amhulacral plates. Tho 
question then arises: As tho plates are crushed together, forced 
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downwards and partly absorbed by pressure, why do they group into 
certain definite associations of plates and half-plates ? Prof. Heeley 
had for many years had the opportunity of studying what had been 
written upon this subject, and he thought that much light had been 
thrown upon it by this paper. He believed the growth of the inter- 
ambulacral plates had much infl.uence on the form of the compound 
plates of the ambulacral areas. 

Dr. Mubie considered that the paper was of great value from its 
recognition of physiological facts, and its indication of their bearing 
upon the theory of the evolution of organized forms. 

Mr. Etheridge called attention to the work of Dr, Wright on the 
characters furnished by the ambulacra in the study of the regular 
Echinoidoa, and showed that Dr. Duncan’s contribution had brought 
into view the value of those investigations. The ambulacra were of 
vast importance in classification, and they were most difficult to 
examine. Loven’s work, too, was of very great importance. 

The Author, in re23ly, said that he had been much indebted to 
Lovdn’s investigations. Doubtless the action of growth-i)ressure which 
he had referred to as “ crushing,” resulted in part in producing geo- 
metrical figures, the interambulacra acting as “ buffers” to the ambu- 
lacral plates. The gradual formation of more complicated types 
was very interesting. The increase in the number of pores above 
the ambitus in the recent Diadematidse certainly meant increase in 
power of respiration. 


Ci.J.0.8. No. 163. 
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Evidence ()/* ///^ Acri(*N <)/*L\ND-lrK <tt (i’emf (’iio^nr, Lvnca- 
8 II 1 UE. liv T. Mri-LVUD (M F.(i.S, (Head 

May la l>^ry,) 

( Abridjjed. ) 

In previous ]vi|uT 8* 1 liave tit ''orilMnl a ilejiosit ol rulddt'-dcl»ris 
and red saiul lyiiiir <m llio Tria^-ic roi-ks .irul uiwi'-rluu^ the Low- 
level Boulder-clay uiid sands in tin* neiuhlxunh »od ot‘ LivtrjwM)!, 
which I suiTirc^ted w;is due to tht* jrriiahnj' and < Mi'^ldni: a^'lion of 
land-iee. I also pointed out that when* tins deposit did not oeeur, 
the rocks, is well known, are usually pohslied. L:roo\ rd, and slriuttHl. 
Until lately no ojiportunity ha^ occurred of the validity of 

this view by refi renee to any other than sandstorn rock tliat such 
land-ice may have iiiovimI over +. 

In OctolKT 1^>4 I described, in the ‘ tieolojrical Majcaziiie/ a 
section of Koujx*r marls at (Jreat (‘rosby previously unknown, and 
since then I have made frei^uent observations of (he up|K^r pnrtof the 
marls in relation to the Isiw-level Boulder-clay that overlies them. 

Prom time to time m the exeavatinns have procHnled, it became 
clearly apparent that the upper part of tlie marls had IxMin from 
some cause or other much di.Hturhcd, There were imbedded in it 
large angular and sometimes nearly Hjuare blocks of sandstone. 
These were not merely pressed into (he surface, but actually 
imbedded in the marl at all aiigbs. In the undi'^turlwHl marls are 
well-delincd bands of a harder nature, and one of these bands was 
at one place broken up and contorted, tlie fragments displaced, and 
irregularly fo reed into and amongst the woiked-up softer marls or 
shales (see tig. p. 455 ). I'his was very striking, as the band con- 
tinued in an undinturlM'd conditi‘»n towardn (he south-west J. 

As fresh ficcs were di^clom-d b\ the pi ogress of the excavations, 
it eould be di'itinctly that in some* c.isi'S the ujjjier soft fissile 
marls had ]>een forced up into < outortions The thirknr^ of the dis- 
turbed bed was from :i to 4 feel. 

The imherlded sandstone blocks were of iwa kinds : one a very ff/ie- 
grained grey rock sliglitly micaceous ; tlie other i funponcd of (‘oarsely 
rounded grains, mostly (juartzose. Tiny are evidently sandstones 
belonging to the Keujicr series, thougli not found in this pit in sifu, 
Neither are they exactly like any of the Lower Keupor sandstone 
beds found in the quarry at Little (Vosby, about one mile and a half 
to the north-west. I aui of opinion that they belong to beds under- 
lying those at tho bottom of the ]iit, whicli at the nortli-oast side 
approach in structure the coarser of tho iw^o sandstones. 

* “ Drift (loposits of the N.W, of England,” Quart. Journ. Geol. Soc. vol. 
XXX. p. 27 ; and vol. xxxix. p. 122. 

t Mr. Strahan, in his Survey inomoir of the ‘Geology of the Country around 
Chester,’ 1^^82, says “ There is evidence of the passage of a lioa^y body over the 
ground in the crushing and drawing out of soft beds as if by pressure ” (p. 29). 

1 The contortion of the bods below tho eroded line in tlie section I consider 
to be due to earth movements. 
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Jfc was not until several examinations were made that I was able 
to discover any striations on the imbedded sandstone. At last I 
del(‘ctcd them on a block measuring 4 ft. x 2 ft. 10 in. x 1 ft. 9 in. 
in extreme dimensions. On washing the marly clay off the face, 
vei y good parallel groovings were disclosed, running along the plane 
of bedding and the longer axis. With this clue I soon saw that 
the undersides of most of the stones were polished smooth, and others 
irregularly scratched. 


Section at Mowbretf Brieh and Tile Worlca, Great Croshy, 



a, a. Grey shaly Keuper marl. 6. Hard band in Keuper marl broken off at h', 
b”, 6". Fragments of hard band, 6, scattered through and imbedded in 
the “ kneaded-up ” marl, c, c. Kneaded-up ’’ mar), that is the Keuper 
marl or shale, worked-up into a grey clny. d, d. Blocks of sandstone, 
some fine-grained and strong, others coarser in grain and often smoothed 
and striated, in one instance strongly fluted, e. Half-imbedded block 
/. Low-level Boulder-clay (marine), containing far-travelled erratics and 
broken marine shells (brown in colour). 

Specimens of the undisturbed marl and the kneaded-up marl 
were sent to Mr. David llobertson, F.G.S., who kindly examined 
them microscopically. Ko organisms were found in either, and they 
were practically of the same constitution. No far-travelled erratics, 
nor any stones or material that could not be referred to the Keuper 
formation could be found in the kneaded-up marl. Even the half- 
imbedded stones were, in all cases that I have seen, Keuper sand- 
stones. The true erratics are confined to the overlying Low-level 
Boulder-clay. This clay is so distinctive a deposit that it is only 
necessary to say that here as elsewhere it contains fragments of 
marine shells, and is undoubtedly of aqueous and marine origin. 

Importance of the Discovery , — The evidence of these disturbed 
shales is of importance taken in connexion with the prevalence in 
South-west Lancashire and Cheshire of glacial markings and 
smoothed rocks. 

At the present moment (March ] 885) is to be seen a very fine 
example of polished and striated rock at Flaybrick Hill, Birkenhead, 
Cheshire, a veritable roche moutonnee which has only just been bared 
of its covering of Low-level Boulder-clay. 

It has, however, been a moot point with local geologists whether 
these markings are duo to land- or floating ice. I have myself 
always considered that the weight of evidence preponderated in 
favour of land-ice, though there are some facts apparently irrccon- 

2i2 
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33. On an almost perfect Skeleton of Rhytina giqas * (Rhytina 
Stelleri t, “ Stellek’s Sea-cow ”), obtained by Mr. Robert 
Damon, F.(j.S.,/rom the Pleistocene Peat-deposits on Behring’s 
Island. By Henry Woodward, LL.D., P.R.S.^ P.G.S., &c, 
(Read March 25, 1885.) 

The extinction of any group of animals by the influence of man or 
other agencies cannot fail to be a subject of interest to the 
palaeontologist. Unfortunately the list of exterminated species has 
now become extremely large, and it seems impossible to doubt that 
in a few more years all the larger Mammalia not reduced to 
domestication, or under protective legislation, will have succumbed 
to man the destroyer. 

The musk-sheep, bison, giraffe, African elephant, wild deer, 
anteioj)e8, and the large-horned wild sheep of the Alpine ranges, 
are all eagerly stalked down by the modern sportsman ; whilst the 
hunter, in search of ivor 5 % horn, bone, furs, or hides, wages a 
ruthless war of extermination against them all. The “fur-seal” 
and the “ whale-fisheries ” are still pursued ; and though the pursuit 
of the latter is now much diminished, the steady destruction of all 
the Pinnipedia in both the northern and the southern hemisphere 
continues with unabated ardour. 

I wish, very briefly, to draw your attention this evening to a 
remarkable animal, now extinct, the lihytina gigas {^Rhytina 
Stelleri), commonly known as “ Steller’s 8ea-cow.” 

This interesting species of marine phytophagous mammal, once 
no doubt abundant along the shores of Kamtschatka, the Kurile 
Islands, and Aliaska peninsula, but now entirely extinct, was first 
discovered by the eminent German naturalist StellerJ, who, in 
company with Yitus Behring, a eaj)tain in the Russian Navy and a 
celebrated navigator of the noithern seas, was with his vessel and 
crew cast away upon Behring’s Island (where Behring died), in 1741. 

We have fortunately preserved to us Steller’s original description 
of the animal, as seen alive by him, during his long enforced 
residence on the island ; and no other competent observer has since 
had the same op])ortunity ; for between 1742 and 1782, a period of 
forty years, this large and harmless mammal appears to have been 
entirely extirpated, for the sake of its flesh and hide, around both 
Behring’s Island and Copper Island, to the shores of which in Steller’s 
time it was limited. 

The bones of the Rhytina are not to be seen anywhere lying upon 
the surface of the ground in either of the two islands, nor do they 
occur along the shore at the level of the sea, but they are met with 
at a distance from the shore in old raised beaches and the Post- 
tertiary peat-mosses, deeifly h^ried and thickly overgrown with 

Zimmermaim, 1780. t Desmarest, 1819. 

t “Be Besliis marinia, auctore Oeorg. Wilbelm. Stellero” &c. Acad. 

Sci. St. Peterbboupg (read 1745 publitJicd 1751), tom. ii .pp. 294-330. 
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luxuxiaxit grass. It would be next to impossible lo find iheh\ by 
digging, but they aro found by boring into the peat with an iron 
rod or some such tool. The same method is adopted in the peat- 
deposits in Ireland, when one desires to find a timber-tree for gate- 
posts or other purposes ; the resistance ofl'ered to and the sound 
emitted by the boring-rod, when in conhK't with a solid, is at once 
noticed by the operator. Tlie sj) 0 (‘imen now in the Ilritish Museinn 
was obtained from compact peat, and all the verlebne and oflier 
bones having cavities in them were full of peat-growth when they 
arrived, as was also the skull. I am infomii*d that in Aliasku 
territory bones of the JUuftina have been obtained in a similar 
manner from deposits of peat. 

A detailed description of the lihytiaa is rendered almosi superero- 
gatory by the magnificent work of the late Dr. J. F. llraiidt, of St, 
Petersburg, who in his monogra]>h, ‘ SymboheSirenologicie,* f)S, 

has left us a masterly and detailed account of the anatomy of tliis 
interesting genus, accompanied by admirably oxccut(‘d plates. Never- 
theless the recent acquisition by ^Ir. Robert Dnmon, F.CJ.S., of a 
specimen nearly as complete as that in the St. Petersburg ^luseum, 
and more so than NordeiiskioldV, seems deserving of a brief notice*. 

One of the contemporary writers on liJuffina with Brandt, after 
Steller, w’as Alexander v. Nordmann, Professor of Zoology in the 
Imperial UnivcTsity of Ilcdsingfors, in Finland (see Bcitnige zur 
Kenntnissdes Knochcn-Baiies der von T)r. Alexander 

V. Nordmann, dto, Helsingfors, IMil, Acta Soc. Scient. Fennicir, 
tom, vii. with 5 platen). 

Rhytina : G< thral C haradirs , — The JUnithui belongs to the order 
Sirenia, all tlic species of w Inch are jmrely aquatic in their habits 
and of fish-like form of b<»dy. which led to th(‘ir l)cinc: formerly 
confounded with the C’ctacea, from which, however, they arc widely 
separated. 

The head in the Sirenia is rounded, and of moderate size, never 
disproportionately large, as in the "Whales; tli(‘ neck is short and 
scarcely offers any marked con^^triction ludween the head and body. 

The muzzle is truncated and obtuse, and the nostrils, which aro 
placed above the fore ])art of tlie snout, are valvular and distinid. 
The external ear is al sent, or very small ; the eyes very small W’itli 
an imperfect eyelid, hut a w'<ll-developed nictitating mem)»rano. 
The form of the body is de])res.sed, fusiform, tapering behind, and 
without any dorsal fin ; the tail is flattemt'd and expanded horizontally, 
as in the Cetacea. 

The fore limbs appear to he remarkably free, and eapahlo of 
being moved from the shoulder-joint. Thus the living Manatee 
has been observed to use i's fore limbs, “ nianus.” to assist in bringing 
the food towards the mouth in feeding ; and, as the mammary glands 
are axillary, the females all hold the young, in ('arly life, under their 
arms t. 

♦ The specimen has now been acquired for the Britiwli Museum (Natural 
Hittorj), Crdmwell Roarl, London. 

t That the appearance of these grotesque animals, no doubt frequently seen 
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The pelvis in the Sirenia is ex- 
ceedingly rudimentary, consisting of 
a pair of small bones suspended at 
some distance below the vertebral 
column. (These have not been ob- 
served in Bhytina,) There is no 
trace of any hind limb ; but a rudi- 
mentary femur has been noticed in 
another extinct form of Sirenian 
{HaVitherium), 

Rhytina: The Head , — The head 
in llhytiiia is small in proportion to 
the long and very thick body. The 
bones of the skull are massive, but 
very loosely connected together. 

Sir Richard Owen ob.scr\cs that 
this character of the skull, laken in 
connexion with the density of the 
bony skeleton, and the absence of 
cavities* in the bones themselves, 
reminds one of the skeleton of the 
Reptilia (Owen, “ On the Diigong,’^ 
Proc. Zool. Soc. 18»i8, pp. 28-45). 

The nasal bones are quite rudi- 
mentary ; tlie maxillary border is 
narrow and straight ; the premaxil- 
lary bones, forming the rostral por- 
tion of the skull, are long and con- 
siderably develop(*d in front, forming 
the strongly curved border of the 
nasal opening, and projecting with 
a downward curve (as in Jlalicore, 
but less acute), its upper and outer 
contour being very convex, and the 
lower and inner palatal surface 
being concave. 

The zygomatic arch is strongly 
developed and much curved. The 
occipital portion of the skull is the 

by the earlier \()yagera, both in the East 
and West Indies and on the coasts of 
Africa, should liave originated the legends 
of Mcrniaids and Sirens, seems at firsi 
siglit incredible ; but art was then in 
its infancy in this country, and doubtless 
the engraver, who pourtrayed at i>ec(md 
hand the features of the “ sea-sireii,” had 
but little a8si.stance in his delineation 
from the narrator. 

* Omitkop,sis Sceleyi, Hulke, was not 
then discovered. 
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broadest; the supraoccipitnl portion is vrry nij?ose, the condyles arc 
semicircular and prominent, and tlie foramen ma^nmu is very wide. 

The ioierr Joie. — Tlie lower jaw is de<‘p in ].roportio!i to its 
length. The coronoid process risi's very little ah' N(* the condyle 
itself. The symjdiysis of the inaiulihle t'Xtend.*> for about one Ihitd 
(or rather more) of its length, Iniving a coin ex contour on its 
upper surface to corre8[>ond with the concave contour of the pre- 
maxilla, The symphysial surface is very rugose. 

Teeth ahteni or onh/ Jiioiimentttnf — I'wo kinds of teeth 

(molars and incisors) are usually present in most of tlie Sirenia 
Dr. James Murie, in his elaborate and exhaustive memoir on the 
Manatee (Trans. Zool. Soc. vol. viii. 1872, p]), 127- >2, pL xvii,- 
xxvi,), observes: —“Although lihytina was edontuhms in the adult 
condition, I strongly 8usj)ect that, like other Sireniaii genera, mrff- 
mentary teeth may have existed in its earlier stages of growth. Nord- 
mann seems also favourably inclined to this opinion.” 

Trace of lindimentanj Inckors, — It is interesting to observe, in 
confirmation of Dr. Murie s observation, that the skulls of Rhyiina 
in the British Museum demonstrate the former presence of small 
rudimcntari’ incisor toetli in the prem.ixillanes, two small alveoli 
being clearly shown : and the sides of lliese hones are swollen 
slightly, just where the puljMiavities of these small incisors would 
have been present. 

Horny Palate, — A9> comj)eiisation for the absence of tei‘th in 
Phytina, the palate and sides of the gums of loth tlie upper and 
the lower jaw u ere covered ]>y lough corrugated horny plates, of 
peculiar structure, w’hicli as^j.^ted in the j)roeesH of mastication. 

With regard to tljc structure of the jmlatal and mandibular 
lamina', although tleur fuiirtion Mas undoiibttdly that of the tiitu- 
ration of food. Ih'of. Brandt lias sIiomu + that they are destitute 
of true bony or dental substance, and that they are in fact indurated 
epithelium. 

Dr. Murie has also expressed his conviction that the strongly 
ridged palatal plate in Phytlna is homologous with that found in 
Ma)i(iti(s and J/alicon', “ It certain!)',” he adds, “ does not ajipear to 
me to he the lepresmtative of teeth, nor of the hahen ]>lates met with 
in the true (’etacoa.’" “ Tho maxillary alveolar ridgc's are narrow 
and quite behind the Itrni^iuy-ptoie^ the latter oc<u]>yiiig the 
intermaxillary and not the maxillary hones ” (Murie', Trans. Zool. 
Hoc, vol. viii. J S72, p. 1G7). 

Cast of Jirain-carliy s^enrfd . — Advantage was taken of the loose 
and readily sc'parable state of the siituie's of tlio skpll, to make 
a careful gelatine mould of the brain-cavity. The result is shoMn 
in the cast exhibited, M'hich differs soincMhat from the figure 
(similarly obtained) of the brain-cavity of lihytina taken by Brandt. 

Brandt cited on Brain of Bbytina. — That author observes that, 
according to Btellor, Bhytina has a small cerebrum, which is not 

♦ In Vrora^iomus canines are also dc\el(»ped ; but Uhyiina posBOssed neither, 
t Brandt, Mem. Imp. j\cad. ♦Sc.i. fSt. IVterebourg, vi. st'-rie, pt. ii. jSci. 

INat. vol. V. livr. iv. pp, I-IGO, tab. k-v. 
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st'parated from the cerebellum by a bony septum ; he was unable to 
find any other peculiarity. He proceeds : — “ As no brain was pre- 
8<Tved, the only means of knowing its form was by taking casts of 
tlie cranial cavity with plaster of Paris. In general character the 
l>ram of Bhytinu is intermediate in form between those of Halicore 
and Manat im. In some points perhaps it is nearer to the former, 
but in others it approaches Manatus, The cerebral hemispheres 
higher and more elongated than in the Manatees ; the posterior 
lobes of the hemispheres longer and higher than the anterior ones, 
convex above and impressed laterally, and the medulla oblongata 
projecting above, in the form of a median longitudinal crest; all 
show a resemblance to the brain of Halicore. The hemispheres of 
Bhytina are, on the contrary, shorter than in Halicore ; the anterior 
lobes of the hemispheres of Bhytina are impressed on their anterior 
faces and not convex as in Halicore ; again the medulla oblongata of 
Bhytina is very broad, and the corpora clavata are more depressed 
from the sides than in Halicore^ and remind one rather of Manatus. 
But besides the above-mentioned aflBinities to Halicore and Mamtus^ 
Bhytina also shows peculiar characters of its own. 

“ Thus the anterior lobes of the hemispheres of Halicore are 
exceedingly convex ; in Bhytina they are even more so, and even 
higher than in the Manatee ; they are depressed from the same 
cause, on the anterior surface, especially on the sides, but less than 
in Halicore and Manatus^ but they overhang in the middle to a 
greater degree. The posterior lobes of the hemisphere of Bhytina^ 
on their posterior border with the cerebellum, are broader than 
in the other genera of »Sircuians before mentioned (and in this 
respect they are not unlike the same lobes in the elephant) ; they 
also show on the upper surface an oval convexity or furrow ; these 
then constitute peculiarities. The hemispheres of the brain of 
Bhytina further differ in this, that they apj^ear to approximate very 
closely to one another. The cerebellum in Bhytina is depressed 
to a greater extent, and is broader and stronger than in the other 
genera. The brain in Bhytina affords therefore a form intermediate 
between Halicore and Mamttus. Otherwise the brain of the Bhytina^ 
considering the Imgo size of the body of the animal, seems to be six 
times smaller * in proportion than that of Manatns or Halicore^ 
The plaster-cast of the brain of Bhytina shows traces of the small 
optic nei'v es, and of a very largo fifth hypophysis showing a rounded 
prominence 

Boms of the Ear of llhytina Stelleri preserved. — The os petrosum 
of the periotic, with the tympanic annulus, is preserved on both the 
right and left sides of the skull. 

On removing the peat from the cavity of the mid-ear Mr. C. 

* This agrees with Prof. Marsh’s observations on the smallness of the brain 
in Tertiary mammals, and is in favour of the very high antiquity of Bhytina. 
See Marsh in Sillinian’s Journ., “On the small size of Brain in the Tertiary 
Mammalia,” 3rd series, vol. viii. 1874, p, 66, ibid. op. cit. vol. xii. 1876, p. 61 
and vol. xxix. 1885, pp. 1{)0-1P3. 

•f* Brandt, “ Symbolaa Sirenologicae,’* fasc. iii. 1878, p. 256. Tab, ix. M4m. de 
TAcad. Imp. d. Sc. St. P^tersbourg, sdr. vii, tom. xii. 



462 


DK. n, WOODWAKD ON AN ALMOST 


Barlow (the fonnator^ of the (leological (lopartin<'*iit) (liHOovered 
the three auditoiy ossieles still within the- cavity, i hey Of^ree very 
closely with the tigures piven hy Brandt and arc ilso near to the 
ossiciilse auditus of the ^Manatee. 

The Stapre.-^Thci stapes is a short eoluiindla-like i)on(\ llattened 
at each end, having: a small perforation may ]>erhaps indicate 

the remnant of a much lurj^er ojMMiinur, tin* .stirrup, ohs(‘rvahle in 
this bone in some other mummaliah It tits at o' etid into the 
fenestra ovalis, and unites at the <»ther with tlie end of the incus. 

The Incus, — The incus is longer and stouter, and the sujierior and 
inferior faces arc dcj>ressed, and the jJONterior pna'c*-*.. the long crM/r, 
which articulates with the sMpts, is .shorter ili/in m the Manntt^o 
and Dugong. 

The Malleus . — The body (»f the malleus i.s much ^\\»>ile^, more so 
than in the Ihigong ; the •iU|H‘rior far e i> coinex, nr»t depn ssimI, as in 
Mtniatus ((ttirostris. I'lu* (‘XtrTual pnwos.s rrf (he malleus has a 
straight internal border tnot arched as in MiiH((fu<) ; the t xternal 
Inirder is strongly archer! (not tnimatcd Im-Iou ) : th<‘‘ \tr*rnal farx' is 
greater in breadth and is Hatter than in Manatui, The (ondyles, 
articulating ^ith tlic incu.s, arr* hilohed and deprr ssed. 

Hones of the Sen pul a r Arch ntnl Fare Lnnh. Die str-ruum h.as been 
figured by Brandt "t*. It is a mneh stouttT ami stronger hone than 
in the Manatee, Imt is similar in form. 

IScnpaln. — The scapula i.s somewhat cr)nv<»x e.xfernally, the inner 
concave face fitting closely against the ant« rior ribs to which it was 
applied ; the spinous process of the seapnla is strongly developed. 
The glenoid cavity is deep and circular and well fitted to the rounded 
head of the humerus ; the humerus is short and stout ; the radius 
and ulna, which are also short, are onchyloserl together at both 
extremities and incapable of any rotatory motion ; the olecranon is 
strongly produced and curved, showing that the fore arm as well as 
the homerus had considerable free lateral movement for the act of 
swimming. 

The Manus, — The carpal bones and digits are unknown in 
Bhytina ; the digits were probably five, os in ManaUts and lialicore 
(but the thumb in the latter is nidimentary), Extc’nmllv viewed 
the fore Bmbs in lihtjtina were fin-like, with no external digits or 
nails visible ; hut Steller describes their extremities as thickly 
covered with short bristly hairs. 

Density of Skeleton, — The skeleton is remarkable for the 
massiveness of the bones, especially the great density of the ribs, 
which have the hardness of ivory. There is a general absence of 
medullary cavities in the bones. 

The great specific gravity of the bones no doubt assisted these 

♦ See also Claudius '* On the organs of hearing in lihythm," M4ni. Acad. 
Imp. Sci. St P^tersbourg, 1S67. vol. xi, no. 5, 2 plates ; Brandt, “ Srinb. Siren.” 
Faso. ii. 8-10, Tab. li. figs, 11-20. M^ni. Acad. Imp. Sci. St. P^tersbourg, 

1 1 believed we also bad in the Museum an imperfect sternum of Bhytina, 
and Prof. Flower, after comparison, agrees in tliis aetermination. 
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aTiimalfl in keeping their large bodies stink beneath the surface of 
thf' shallow waters in which they dwelt whilst feeding upon the 
marine vegetation upon which they wholly subsisted. 

Variations to the ruh of seven Cervical Vertehree usually obtaining in 
the Mammalia , — Although the normal number of cervical vertehrm 
nrdntained in the Mammalia is usually seven, yet some of the 
Sirenia (such as the ‘^American Manatee”) have only six. Con- 
v( rsely in Brachjims the number of the cervical vertebrae is increased 
to eight or nine. This is explained by the fact that the thoracic 
vortebr® in Brady pus pass into the cervical region, while the 
dimitmtion to Six in Cholofpus and in the American Manatee is 
similarly exj)lained ]>y the complete development of the rib of the 
seventh cervical vertebra. 

Bhyfina has been described by Steller as only possessing six 
(•(Tvical vertebra', like the Manatee ; but Brandt correctly gives the 
number as seven, and the specimen now in the Museum confirms 
this determination. 

The atlas- and axis-vertebrm in Bhytina are fairly robust, 
and the atlas is as broad as the second dorsal vertebra ; but the 
five remaining cervical vertebra?, although (luite free, are thin and 
plate-like, as in the Cetacea proper. But the Sirenia are distinguished 
from the true hales by their capability of moving the head from 
side to side, and up and down, by means of the odontoid process 
of the axis vertebra on 'which the head rotates. In the Cetacea, in 
which the cervical vertebra? are anch} loscd together to a greater or 
less extent, and the neck is consequently immovable, the odontoid 
process is also wanting. 

As the Sirenia spend their whole lives browsing upon the Xawi- 
nnrias and other Algm and aquatic plants, this power to move the 
short neck pretty freely must be essential to them both in feeding 
and also in putting up their heads to breathe. 

The number of vertebrae attributed to the Sirenia, both of living 
and extinct genera, is very variable according to different authors. 
Prof. Brandt attributed to Bhythia 7 ccrvicals, 19 thoracic or dorsal 
vertebrm, and from 34 to 37 lumbar, sacral, and caudal. The 
cervicals and dorsals are readily determined ; but, as none of the 
vertebrae are anchylosed together to form a sacrum, it is a matter of 
some difficulty to decide which are lumbar and which are sacral 
vertebra). 

Not only does anchylosis never occur in the vertebree of the Sirenia, 
but the flat ends of the centra of the vertebrae do not ossify separately 
so as to form disk-like epiphyses in the young state, as is commonly 
the case in all the other Mammalia. 

Brandt indicates the 7th veatebra beyond the last of the dorsal 
or thoracic series as bearing the rudimentary pelvis ; but as the ver- 
tebrae are never anchylosed to form a sacrum, we can only conjecture 
(by noticing a slight prominence upon the posterior border of the 
extremely wide transverse processes) 'w hich of these lumbar-sacral 
vertebrae seem marked as sacral, probably about the 6th, 6th, and 
7th. The 13 vertebrae next behind the dorsal series may, from their 
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riBO md iiioir wider and longer transTeree prooeeeea, be considered 
Imnbar and saeral^ and the 21 following vertebros as caudal ; about 
8 or 8 of the most anterior of the latter had small chevron-bones or 
hi etnAl arches attached to them in the St. Petersburg specimen. 

The transverse processes in the caudal scries are much smaller, 
thicker, and shorter, and are directed obliquely backwards. 

Variation in farm of the Centra in the Vertebral Column , — There 
is a marked change in the form and size of the neural arch and the 
centrum of the several vertebra? in the spinal column, from before 
backwards. The anterior dorsal vertebra? have each a small com- 
pressed centrum, much broader than deep ; the neural arch is 
triangular, the neural spine erect. 

From the 5th to the Sth dorsal the centra are longer and cordi- 
form, and the neural canal is smaller and more rounded : the neural 
spine bends backwards, and the zygapophyses are more prominent. 

The lumbar vertebne are much dilated laterally, the centra l>cing 
nearly three times as broad as d(‘ej). The ntuiral canal is reduced 
in size, and the neural spine is moderately hi r^c ; hut the transverse 
processes are very liat, long, broad and ^traight, being in relation 
to the centrum as 5 to 1. 

The centra of the caudal vertebra' are rounder, the transverse 
processes are short and stout and bent backwards ; the neural canal 
is reduced to a very small size, and the neural spine gradually 
disapj>ears. 

The earlier caudals have short T-shaped chevron -hones or htcmal 
arches. 

The 11th to Kith thoracic or dorsal vertebra? have irregularly 
developed hypapophys(‘s on the ventral surface of their centra. 

There are 19 pairs of ribs in lihatina^ 2)n>ba})ly not more than 
two pairs of \^hicli were articulated to the sternum. Tlie Ist and 
2nd pairs are short and much compreshcd laterally, the third and 
following are round and very lna8si^e, and increase in curvature and 
length up to the 1 2th, when they gradually become shorter and less 
curved, the 19th being (juite rudimentary. 

This large number of lib-hcaiing vertebra' in the Sirenia is only 
equalled in Elejdias aixd lUuni)ceroH,a\\d onlj exec'ededin Dnulroh ifrax 
(which has 22 costal vertebra?), thus avoiding another point of 
analog}' in Jihytina to tlie Ungulata*. 

The ovoid visceral cavity thus enclosed within the bony walls of 
the ribs is of vast dimensions ; and one realizes readily the statement 
that a full-grown male, covered with its integument and flesh, 
weighed as much as 3J tons. 

Habits of Khytina, &e. — The Sirenia pass their wliolo life in the 
water, being denizens of the shallow bays, estuaries, lagoons, and 

♦ The teeth in Manatus and IlaHfherivm ajiproach in form to tlio molars in 
Hippopoiamm, Manfodon, and the Suida'. 

l)r. Murie strongly insists upon the dermal clmrueters as otTering a very close 
resemblance between Manaivn and Khphas I'hc short (rudimentary) nasal 
bones and the prolonged preinaxillarics, with iJieir tusk -like incisors, aiTord 
further points of resemblance with the Proboscidea. 
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large riyers; but they never venture far away from the shore. 
Their food consists entirely of aquatic plants, upon which they 
browse beneath the surface, as the terrestrial herbivorous mammals 
feed upon the green pastures on land*. 

When Steller came to Behring^s Island in 1741, the Sea-cows 
pastured in the shallows along the shore, and collected in herds like 
cattle. As they fed, they raised their heads every four or five 
minutes from below water in order to breathe before again descending 
to browse on the thick beds of sea-weed which surround the coast. 

They were observed by him to be gregarious in their habits, slow 
and inactive in their movements, and very mild and inofiensive in 
their disposition. Their colour was dark-brown, sometimes varied 
with spots. The skin was naked, but covered with a very thick, hard, 
rugged, bark-like epidermis, infested by numerous parasites. 

When full-grown they are said to have sometimes attained a length 
of 35 feet and a weight of 3 or 4 tons. 

Like most of the Herbivora, they spent the chief part of their 
time in browsing. They were not easily disturbed whilst so 
occupied, even by the presence of man. They entertained great 
attachment for each other ; and when one was harpooned, the others 
made incredible attempts to rescue it. They were so heavy and 
large that, Steller records, they required 40 men with ropes to drag 
the body of one to land. 

Fossil and Recent Allies of Bhytina. — In Miocene and Pliocene 
times Sireniaiis were abundant over a largo portion of Europe. 
Many of these are referable to tbc genus Halithcniun, first described 
by Kaup from the ^Miocene of Hesse Darmstadt. 

JJalitheriam resembled the Dugong in its dentition (fig. 3), 
having tusk-like incisors in the upper jaw, though these were not so 
largely devclo])ed as in ITalicore, The molar teeth were ^ or the 
anterior teeth were simple and single-rooted, the posterior teeth of 
the upper jaw with lliiHJc roots, and those below with two roots, and 
with enamelled and tuberculated or ridged crowns, in all which 
points they resemble the Manatee more than the Dugong. The 
anterior molars were deciduous. 

The pelvic bones arc better developed than in existing Sirenians 
(fig. 2) ; there is also a rudimentary styliform femur. They were 
therefore less specialized than their modern representatives (Elower). 

In Fro ra stomas (Owen) from the Tertiary of Jamaica, the denti- 
tion is very remarkable ; for we have present at one and the same 
time, clearly difierciitiatcd — incisors canines premolars 

and molars ^=48 teeth. 

f) — o’ 3— J 

* Mr. William Carruthers, F.R S., F.O.S , informs me that the large sea- 
weeds called Laminar i(p grow in water at or pist below low -water ; they are 
nutritious and are eaten by animals. They abound in the Nortli Pacific Ocean. 
Buprecht, in his account of the Algas of the I^orth Pacific, records eight species 
of these largo weeds growing in the Sea of Oehotsk, on the shores of Kamts- 
chatka, and tlie north of North America. Ife adds : — “ When I went to see the 
Coniferous trees at Monterey, Califoniia, last autumn, I was surprised at the 
magnitude and quantity of the Fuci and Laminarice thrown up on the coast.” 
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Halicore (fig. 4), at first sight, seemi widely separated, and appears 
to approach towards the condition of Bhytina^ having in the adult 


Eig. 3 . — Dentition of Halitherium Schinzi, Kawp. 




Fig. 4 . — Dentition of Halicore australis. Queensland. 




A Left half of the palate. B. Part of left ramus of mandible, 

state only one pair of incisors left in the upper jaw, and two 
(rarely three) molars on each side above and below, making 14 teeth 
in all. 

But, adding the milk-dentition, we have 

1— I 3—3 

Milk-dentition I 6 i 3—3 

I Incisors. Molars. „ 

Permanent teeth J LJ rarely ^ 

j 0—0 2—2 

The teeth in Halicore are more or less cylindrical ; the incisors in 
their form and wear resemble those of the Hippopotamus. The 
last molar is compressed laterally, giving the crown a figure-of- 
eight shape ; but there is no distinction into root and crown. The 
summits of the crown are tuberculated before wearing ; afterwards 
they are flattened or slightly concave. 
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Xn Mamaim sentgoJemiB (fig. 5) there are milk-inoiaors preeeat 
which disappear. The molars amount to ; the upper molars 
have two ridges and three roots ; the lower mandibular series hare 
an additional posterior ridge or talon^ and only two fangs. 

Fig. 5 . — Dentition of Manntus sonegalcusis. 

West Coast of Afnc<t. 

A. 




A L»‘ft half of the palate. 

H. Part of left rainu» of mandible. 

The teeth drop out in front, and arc renewed from behind as in 
the Probosoidea. 

Tliis extreme variation in the number of the teeth from 2 to 48 
is exactly paralleled in the (Vtacea, in which we have many eden- 
tulous species (Balienida?) ; others with only two teeth present (Zi- 
phioid "Whales); other.s again with very numerous teeth (lltdphinidie). 

All the earlier voyagers confounded tho Sirtnia with the Seals, 
and the lUnjtina with the Morse or "Walrus. 

In Ibll, llliger separated the throe genera — M^tvahis^ J/alicore^ 
and lihi/tina, under the name Sirenia, and placed them between 
the Seals and the Cetacea. They are now jilaeed by Prof. Flower 
and other naturalists between the Vngulata and the Cetacea. 

The following is a List, with their distribution, of the ea istiny 
species of the order Sirenia : — 

Manaius setteffalensis, Desmarcst (th(‘ African Manatee), inhabi- 
ting the west coast of Africa from about lif' !N. to 10^ S. lat. 
and as far into the interior as J.ake Tchad ; and aecoj ding to 
native accounts, to the lliver Kcehaly, 27 E. long. 

Manains latirostns, Harlan (the West Indian Manatee), inhabi- 
ting the creeks, lagoons, and estuaries of the West Indian 
Islands and coast of J^’lorida. 

Manatus aniericanus (the Brazilian Manatee), inhabiting the coast 
as far south as about 2if S. lat., and the gr(‘at rivers of Brazil 
almost as high as th(*ir sources. 

llalicore taheniaadi (the Jhigong) inhabiting the Bed Sea and the 
east coast of Africa. 

llalicore dvgong^ inhabiting the Indian Sea, Ce 3 don, Bay of Bengal, 
Indo-Malayan Archipelago, and Phili])pine Islands. 
llalicore australis, the coasts of Eastern and North Australia. 
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Passing to the West Indies, wo find a fossil species from thence 
having important differences in dentition, by which to separate it 
from the now living Manciti. Three other species occur in the 
Tertiary beds of South Carolina ; and a doubtful form in the deposits 
of Darling Downs, Queensland, Australia. 

Lastly, there is the extinct Rhytina of Behring’s Island now under 
notice. We have, then, at the present day living in America, 
Africa, India, and N.E. Australia, two genera and six species of 
Sirenia ; and in Europe, Africa, and America, 12 genera and 27 
species of extinct Sirenians. 

Conclusion, — Distribution of the Sirenia, — There are, it appears 
to me, two very important points in connexion with the Sirenia 
which are worthy of our special attention as geologists and palaeon- 
tologists. 

I allude to the present and the past distribution of this order 
over the world. 

If we take the belt of the tropics, that is 23|° N. and 23|° S. of 
the equator (or, better still, say 30° N. and S. of the equator), we 
shall cover the geographical distribution of all the living Sirenians, 

If we take another belt of 30° North beyond the tropic of Cancer, 
we shall embrace the whole geographical area in which fossil remains 
of Sirenians have been met with. 

Assuming, as I think we may, that the Sirenia at the present day 
beloruj exclusively to the tropical regions of the earthy and that Rhytina^ 
in its boreal home, was simply a surviving relic from the past (a 
sort of geological outlier’* as of a stratum elsewhere entirely 
denuded away), we must conclude that the presence of about 12 genera 
and 27 species of fossil Sirenia, as widely distributed then as the 
recent forms are at the present day, hut with a range from the tropic of 
Ca'ncer up to 60° of north latitude^ affords a most valuable piece of 
evidence (if such were needed), attesting the former northern 
extension of subtropical conditions of climate which must have 
prevailed over Europe, Asia, and N. America, in Eocene and 
Miocene times and in the older Pliocene also. 

The early appearance of so highly modified a form of mammal, 
its abundance, distribution, and variations, serve to attest the great 
lapse of time occupied in the accumulation of even our later Tertiary 
deposits, which we are sometimes apt to pass over as representing but 
a very brief chapter in the geological historj’ of our earth ; and 
further, it must necessitate our carrying back the Mammalian class 
far into Secondary times. 

Note, — Drifted remains of Manatee (either from Elorida or from 
the West Indies) are recorded as having reached our shores, 
probably on the waters of the “ gulf-stream,” in 1 785. 

The carcass of one of these animals was washed ashore at Leith ; 
it was much disfigured, but Mr. Stewart informed Dr. Eleming 
that it was the putrid body of a Manatee, or Manatus borealis, 
(Bell, Brit. Quadrupeds, 8vo, 1837, p. 525.) 


Q.J.G.S. No. 163. 
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The following is a list of fossil Sironia, with formations and 
locolitios ; — 

Chirothcrium sithapeiinivuni, Bruno. BliiKviuv Piodmoia. Mom. Aoad. Soi. 
Tor. ser. ii. vol. i. p. 14;». 

Chr<mo:!Oim amfrale, C. W. tU' Vis. Troo. Tanu. So«'. ^ . v\ jiIo.n, J8g;i, viii. 

p. 382, pi. xvii. PIuKvno: Darlini; Hitwiis, N. 8. 

CfrassUherium rofiuafum, Van 15eiuHlcn. PHoituio Bolpum 
iHpIofh^imn Cojm*. Mimvno?: S. Cjiit>lina. IVoo. Aoad, Philad. 

1883, p. f>2. 

EotheriuM a^ypfiaeum, Ovren. Eocene ? : Mokattiuii, Cairo ; (ijuart. Joum. OeoJ. 
Soc. vol. xjcad. p. 100. 

Fehinofherium Foresfii, Capellini, 1872. Pliocene: Riosto, Bologna; Hem. 
dell' Aoad. delle Sei doll* I«tit di Bologna, ser. iii. tom. i. faac. 4, pp. 0<M>- 
<134, tav. i-Tii. 

— Gervaisii, Capellini, 1872. Pliocene : Siena, tp. cit. pp. 834-542, tav. fiji, 
(FMnotherium closely resembles /faWcorc:— i. ~ m. j| g.) 

Halithenttm Si'rrfMi, Qt^rv&h. Pliocene: Montpllier ; d'Estrt'iB (Bfmebes-du^ 
Rhone) ; Genaw, Z<K»logie et Pal^uitologie Pran^aises, 2nd edit. Paris, 
1859. p. 277 . 

/om/r, Ciiv. sp. Alioeene : St. Maure, Loire; Angers, Rennes, Morbihan ; 

Gervais. op. cit. p. 281. 

BeaumontU, Christol, sp. Miocene : Beaucaire, Gard, Gerrais, oth cit 

p. 281. 

Gtictfardii, cle Blainv. Mio<*ene?: Etrtk'hy (Seine), Ac. kc, Gervais, op, cit. 

pp. 281, 282. 

^uhium, Cuv. Ecicene: Blaye, Gironde, Gervais, op, cif. pp. 281, 282. 

— — tteUuncuiit . Zis^nOf 187.*, Mein, del R<*i;. lit. Veiieto, vol. x\iii. part iii. 
1875, pp. 438-411, tav. xiv. tav. xv. figs. 1 7 . .Mii»eene; Belluni), 

Venetia. 

ftnpu^^ifron\ Zitmo, 1x75. Miint'ne: Belluno, op, if U>c. cif. pp. 141-443, 

tav. xri. lig.s. 1-4. 

curndi'f/,\ Zii!:in}, 1‘'75. Mi<Mvne: Bdluni*, 4p. rf /in. rif, pp. 443-4 1,\ 

tav. XMi. fig,.. 1—1, 

vero/intsf, Ziinto, JlfirK*cne • Hrlluno, op. cf he. ctf. np. 44.5-449 

tav. \iiii, fig-'. 1-1(1. 

Si‘hi>ijri, Kaup, Beit rage zur nahereii Keiinfnixs der urweltl. Stiugetli. 

IS.M. Miocene; Darm.stadt ; ^Ii(K*ene; Malta. 

Ganhami, I'lower. Crag (derivative), Qmirt. Journ. Geol. Soe. vol. xxx. 

pp. 1-7. 

Ct/rterl, Owni. Mi(x*ene ; MontjK'llier. 

sp., Van IJ'^neden Mioeeue (‘' Boldcrian”): Elsloo, near Mjw.‘8tricht. 

( /'hirofhi CIV in') Bronhn, IJruiio (Owen, cU.). Miocene. HiTuult. 

, «p.. Zigno, Mein, r>t. Vciiet. vol. xviii. 187.J, pp. 427-153. Miocene; 

Chalaif, Islhimis of Suez. 

Hcmicavlodon cff’ofliin.s. Cojx*. ICoeciie: Shark River. 

Manafus (hiiJo'/nhi, Filhol (1878) (named after M. ('oulomb, the diseovorer). 
From the Eocene ? (Quarries, MokatLani, near Cairo (founded on tliree twth 
of lower jaw like tlie Mtinatt'e) ; Bull. Soc. Philom. do PariH, 7® s(jr. t.oin. ii. 
pp. 124, 125. 

inornafuH^\Ai\Ciy. Miocene?: Phosphub* beds, South Caroliuri ; Rep. U.S. 

Geol. Survey, i. p. 33(i. 

Pctckyacanfkvs frachyspomlyh Brandt (in part), Van Benedoti, emend.. 1875. 
Mioccue; Xusadorf, near Vienna ; Bull. Acad. Roy. Soe, 2ud ser. t. xl. 1875, 
pp. 32*4-340. (Based on vortebrse and ribs of a Sirenian,) Zool. Record 
vol. xii. 1875, p. 14. 

PrcfTostomus Owen. Tertiary: Jamaica; Quart. Journ. Geol. Soc. 

1855, vol. xi. pi. XV’. figs. 1-6, vol. xrxi. np. 559-567. 

Rhytina gigaHj Zimmcrinann, Geograph. Gosollsch. 1780. Pleistocene: Behring’s 
Island, ^Khytina Htelleri, Desmarest, 1819. 

Rhytiodm Capyrandif Lartet. Pliocene : Basin of the Garonne. 

Trachytheritm Rmlini, Gervais. Miocene : La B 60 I 0 , Gironde, op. cit. pp. 282, 
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We thus see that remains of Hirenians are met with over the 
gre ater ])art of Europe (in England, Holland, Belgium, France, 
Ge rmany, Austria, Italy), and in the deposits of analogous age in 
the^ Istlimua of Suez at Chalaif, and the quarries of Mokattam 
ne ar Cairo, in Africa. 

Blhlioyraithienl List of Worhs on the Sirenia, 

S TELLER, G. W. “ De Bestiis mariniB, auctoro Georg. Wilhelm. Stellerc, 
Bescriptio Manati sou Vacc/e marina? Ilollaudorum, Sea-cow Angloriim. 
Ruysoruni Morukaia Korowa, occisaB d. 12 Jiil. 1742, in insula Behringii, 
Ainoricam inter et Asiam in Canali sita,” pp. 294-330, 1745. M4m. Acad. 
Sci. St. P6ter»bourg, t. ii. 1751. 

Branut, J. F. ** Symbolai Sironologicae.” M6m. Acad. Imp. Sci. St. P^ters- 
bourg, 184(>, S«5rie, ii. Part, &i. Nat. v. vol. 4™® liv. pp. 1-160. Tab. L-v. 
Ibid. 7"*® Serie, vol. xii. pp. 1-3^, Tab. i.-ix. 

Nordmann (A. von). ‘‘ Beitriige zur Kenntniss des Knochen-Baues der Bhytma 
Stelleri'* 4to, Het-iingfurs, 18(*»1. Acta Sci. Fenn. tom. vii. 

Blainville (H. M. de). ‘ Ost^ograjjhie ou Description Iconographique compart 
du Squelette et du Systeme Dentairo des cinq Classes dAnimaux Vert^br^s 
r6cents ot f'ossiles .... ouvrage accompagne de planches lithographi4es 
sous sa direction par M. I. C. Womer.’ Texte, 4 tom., & Atlas, 4 tom. 
4to, Paris, 1839-64. 

Kaup (J. J.). ‘ Beitriige zur naheren Kenntniss der urweltlichen Saugethiere.' 

Heft. 1-5. 4 to, Darmstadt, &c. 1854-61. 

Bruno. “ Illustrazione di un nuovo Cetiiceo fossile.” Mem. Acad, Sci. Tor. 

ser. li. vol. i. pj). 143-1()0 (with 15 plates). 

Lepsius, Prof’. G. R. “Der foss. Sirene, HaUthermm Schinzi^ d. Mainzer 
Bockeuis.” Abhandlungcu mittelrheinischon geol. Vereines. 

STBiNBor-R, L. Proc. United-States Nat. Mus. \i. 78 ; records discovery of 
lihytina in Commander Islands. 

Wallace, A. R. ‘ Googrjiphical Distribution of Animals,’ 1876), vol. i. p. 119. 
Leidy, Prof. J. ‘ Description of V’ertebnilc Remains from the Phosphate Beds 
of South (’jirolina.’ Philadelphia, 1877, p. 214 ; and Holmes, ‘Post-Pliocene 
Fossils of South Carolimi.’ 

Owen, Riciiaiid. “ Description of the Anatomy of tlic Dugong from Penang.” 

Proc. Zool. Hoc. bond., Mar. 27, 1838, pp. 28—45. 

Ro(jeu, C. “Liste der bis jetzt bekannten 8augtliiere.” Corresp.-Blatt. d. Ver. 

Regensburg, 1880, p, 165 ; 1881, pp. 27, 52, 117, & 162. 

Dyhowski, B. Proc. Zool. Sue. 1883, p. 72 ; Zool, Record, 1882 (83), p. 35. 
Frantzius. Jn Wiegiuiinu’s Archiv, 18t>9, pp. 300-304 : ^'Manafiis anurkanus^ 
Notes on the Distribution of, in Central America.” 

Buaxdt, j. F. “ Nott‘s on tlic E\tiiiction and former Distribution of Bhytina^ 
Bull. Im)). Acad. St. PeU^rsbourg, xi. 1867, pp. 445-451. 

. '"-Ctfamus Jihifimcp." Mem. Acad. St. Petersb. 1871, vol. xvii. No. 7 ; and 

Ann. A Mag. Nat. Hist. 1872, pp. 306-313. 

Cl.vudius, Prof. “ Ou the Organs of Hearing in Uhyfina.^^ Mem. Acad. Sci. 

St. Petersb. 1867, vol. xi. No. 5, 2 plate.s. 

Krau.s. “ Mauatec (the i)elvic arch-bones of).” Arcli. Anat. Physiol. 1872, 
pp. 257-292. 

-. HaJicore.'" Op, cif. 1870, pp. 525-614. 

Murie, Dr. J. “ On the Form and Structure of the Manatee.” Trans. Zool. Soc. 

vol. viii. 1872, j)p. 127-202, plates 17-26. 

Owen, Riciiaui>. “Anatomy of the Dugong.” Proc. Zool. Soc. Lond. 1838, 
pp. 28-45. 

Gervais, Paul. “Extinct Sirenia.” Journal de Zoologie, tome i. 1872, p. ^2. 
Nordenskiold, a E. ‘ The Voyage of the Vega round Asia and Europe,’ in 2 
vole., vol. ii. pp. 272-281. 

Gervais, Paul. ‘Zoologie et Pal^ontologie Franejaise,’ 2nd edition, 1859. 
Flower, W. H. Order Sirenia, Article “Mammalia,” in Encyclopaadia Britan- 
nica, 9th edition, vol. xv. 1883, pp. 389-391. 

. Article “ Manatee,” op. cit. pp. 456, 457. 

Allen, J. A. “ Cetacea and Sirenia,” Bull. U. S. Geol. Surv. vol. vi. p. 99, 
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Discobbion* 

Prof* Botb Bawsihb thought the evidence brought forward Bup« 
ported the view that wo are still living in the Tertiary period. 
He thought Halieore was as highly specialised as Proroitmm, 
He believed the multiplication of ^th was connected with the 
aquatic habit. 

Dr. Mfrie pointed out that the churacteristics of the whole group 
of the Sirenia allied them to the Cetaceans, Pachyderms, and pos- 
sibly the Ungulates. lie insisted on the similarity of the skin of 
the Sirenia to that of the Elephants, llio heart, blood-vessels, bones, 
muscles, and viscera of the Sirenia are all |H'cidiar. He referred 
to the differences of the tail in different genera of Sirenia. He did 
not agree with the enumeration of recent and fossil species, as 
shoTO in the diagram. He thought that there might be two, ’but 
possibly only one. living sj>ecies of Mauaht% and one of Halieore, 
while many of the so-called speeits of Httlithc nmn would not stand. 

The ArrHOR, in reply to Prof. llo\tl Dawkins, jminted out that the 
presence of canines and differentiated molars and pn'molars indi- 
cated Prorasfomtfs to })e a m<»re highly .si>ccializc(I form. That the 
multiplication of teeth in a<|uatic lorms is not a universal rule 
is shown by the edentulous Mh//tlna, 
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34. JNfote on the Stebnal Appaeatub in Igtjanupon. 

Ey J. W. Hitlkb, Esq., F.R.S., F.G.S. (Bead June 10, 1885.) 

[Plate XIV.] 

One of the few parts in the osteology of Iguanodon upon which the 
rich series of Bemissart fossils preserved in the Musee d’Histoire 
Naturelle at Brussels, so ably worked out by M. Dollo, and con- 
cerning which the numerous remains discovered in our own country 
have hitherto not afforded any certain information, is the sternal 
apparatus*. 

A specimen which I lately had the pleasure of seeing in the rich 
collection of Jgiutnodo'irr-TQmfimB made from the Wealden Beds at 
Hastings by S. H- Beckles, Esq., F.E.S., a Fellow of this Society, 
appeared to me to supply the desired knowledge. Mr. Beckles 
readily acceded i o my wish to bring it under the Society’s notice ; 
and I tt'iidcr him my warm thanks for his permission, and also for 
most courteously placing this and other fossils at my disposal for 
examination and study. 

The ])ieco which I identify as part of the sternal apparatus is an 
azygos bar, from near one end of which two lesser rods diverge 
laterally, one from each side (PI. XIV. fig. 1 ). Each of these rods 
(cl) lias an expanded mesial end, a contracted cylindroid shaft, and a 
swollen outer ('xtromity. The expanded mesial ends are applied 
to that surface of the azygos bar which I regard as ventral, 
approaching t'ach other here so closely as to leave between them 
only a very narrow interval in which the bar is visible. Their 
dimensions are as follows, viz. : — 


Length 22-5 cm. 

Breadth of mesial end 16 *5 „ 

„ shaft at its middle 5d) „ 

JiOnger diameter of outer end 7’5 „ 

Plxtreme distance' between outer ends 4G-5 „ 


The identification of these divergent rods with the bone cemented 
by rock to an Igiutnodon scapula in the British Museum (recognized 
first as clavicle by Mr. W. Davies), and also with the two bones 
figured by M. Dollo as the right and loft moieties of the sternum 
(PI. XIV. fig. 2), will not, I think, be questioned. Some minor 

* Other parts of the pectoral arch — the scapula and coracoid — have long been 
known, the clavicle iiioro recently. The latter was first, I think, recc^nized as 
such by Mr. W. Davies. His identification was accepted by Prof. O. C. Marsh, 
and subsequently by myself, with some reservation (Quart. Journ. Geol. Soc. 
vol. xxxix. p. 6i). 



47-4 J. w. hi'i.m: on tiif nri KNu. h in muhnodon. 

differences an\ J tliink, fairly iittril»uta}»If to mutilation mid oom- 
prt'ssioii. The symmetry of theii jumtion w i h the ;iz}gos hnr 
stronj^ly favours the th<it A\e >t*t‘ hen the undiso 

turbod noriiiiil relation oi the M‘^elal parts. (*m this supjiositiuu 
the two divergent rods occupy prt'ciM-U the jH^it oi. and hav(* 
the same relation to th(‘ az}p:os bar or inten aviele (Pi. Xl\\ 
fig. 3, ici) as the elavieh's in extant Laeertilia ; f< i tlu‘ apposition of 
their outer ends to the proces*' ternusl *• a< nniiial on tlu* imteiior 
border of the .scapula will hardh he doubt uL 

The ayygoh inece (PI. XIW tig. I, /</) has tie torrn of a long 
flattenod bar, the width of which ajipears to iin n slightly from 
that which I regard as its anterior end to a j>oint aUmt Ibf) e.m. 
behind the clavicles, and thence to decreasi^ slight h to tiu‘ jKtfsterior 
extremity. The anterior extremity, which advances sliglitly in front 
of the mesial ends of the clavicles, is indenti*d at its middle. ITie 
posterior margin is nearly straight, but 1 do not feel certain that 
this is a natural edge, and that tlie bar may not originally have 
been somewhat longer. Hie lateral borders for the space of 7 c.m. 
behind the clavicles to tin* point wlu^re the bar attains its greatest 
width are smooth *and arruaU\ suggestive of liaving formed a small 
6('gn\ent of a long euned mnieular groovt* for the re<‘eption of an 
epicoracoid ; whilst the remainder of the hordiT Whind this is 
rough, uneven, and a})p*irentl} non-artieuiar. A mesial ridge or 
low keel divides the bar longitudinally. Its greatest elevation is 
about 1*5 c.m. 


Mtdsxirctm ats of ^ tz^ff/os liar. 


Length. 3tbd c.m. 

Width at anterior extremity l]*o ,, 

Max'imiim width, behind clavicle.^ . . . . lo*;? ,, 

Length of exjiosed arcuate part of 

lateral margin about 7*<> 

Width at posterior end of bar 10*0 „ 


What is this azygos bar? That it coin])ris(‘s the inlorelavielo 
{Tarher) (=epistemum ot some authors, the clavicular stoniura, 
Hoffmann)^ is, I submit, demfoistrated by its connex'ion -svith the 
clavicles, which, as I have already said, agrees w ith that obtaining 
in existing Laeertilia. But does it comprise the sternum (costal 
stx^mum, Hoff'oiann) also ? Marks of connexion of costa' with 
its lateral borders w*ould be deci.sive of this, but none are recog- 
nizable. The extent of the arcuate part of the lateral border 
is quite incommensurate wdth th(‘ size of the arc which wo know 
the mesial border of th( epicoracoid must have had. Lastly, the 
figure of the azygos bar is quite unlike the shield -like sternum of 
extant Laeertilia and Crocodilia. 

These considerations weigh with me in regarding the azygos bar 
as an interclavide only — the homologuo of that of now living 
Lizards, and of the bony sternum, so called, of extant Crocodiles. 
If this view is correct, the bar was splinted to a shield-like sternum 
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bc'Jiring ribs. The non-recovery of such a stornum by Mr. Bockles, 
when we bear in mind that under his personal superintendence a 
wry considerable ])art of the skeleton, including both fore limbs, 
was exhumc‘d, favours the suggestion that I threw out in my Pro- 
Hi<l(*ntial Address in 18H2, that the sternum in Ic/uanodon may have 
]»('c*n cartilaginous, as in living Crocodiles. 


EXPLANATION OF PLATE XIV. 

Fjg. /. with the intercImieJe. Uni f natural size. In Mr, Beckles’s 

oollection. 

2. The bone* ftuj»gi‘stod bv D<>llo as the moieties of the sternum. 

;j. Schema of the nwtorrd fxvtOfRl arch. 

The following lettering applic* to all the figures clavicle; ic/, inter- 
claviole; ecr, coracoid; cor. cpiooracoid ; sr, scapula; ooste; /jf, (carti- 
laginous?) sternum. 


Discussion. 

The Pkiwident congratulated the Author on the interesting dis- 
covery he had made in connexion with the anatomy of the Dino- 
saurs. 
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35* The Lower Paljco/ojc Hocks 0 / the Nkkjuhoi uiitxn) 0 / Hwer- 
PORDWE 8 T. Hy J. K. Mark, Ks(|., M.A., Fellow' of 

St, John’s Collo{?c, Camhritlge, ami T. Roi 1 urs, Ks(j., H.A., 
F.G.S., St. John’s Collegt\ Cambridge. (Head Juno lo, iSSf).) 

[Platb W.j 


§ 1 . 

The country around Haverfordwest is of great intere.sl lo g(*olofp»ts, 
first, on account of the evidence furnished therein of the ndations 
of the graptolite-l)earing beds to tin* strata which are charucU^rized 
by the presence of higher organisms, and secondly, from the nature 
of the foldings which the rocks of the district have undergone. 

We propose, in this communication, to devote our atUmtion to the 
tbimer of these subjects. 

Our work is based upon that which has been done by the Geo- 
logical Survey, and published in Sheet 40, Horizontal Seetions, Nos. 
1 & 2, and Mem. Geol. Survey, vol. ii. part i. 

Whilst fully acknowledging the great value of tlu^' publicafions, 
we think it desirable, now^ that our knowledge of the forms of life 
occurring in these rocks has been so much increascnl by tlu^ labours 
of man j geologists in recent years, to attempt a more minute rbissifi- 
cation of the rocks of tliis district than that adopted by theCtovem- 
ment Surveyors. In our opinion, this furtluT description of the beds 
will throw' considerable light uiwm the character of the movements 
which the district has undergone. 

Our thanks are due to Dr. Hicks for the veiy' kind way in which 
he placed a series of sjjccimens collect<*d by hims(*lf at our disposal. 
We have also to thank Prof. Laj>worth for his kindness in examining 
our collection of graptolitcs. 

The area which we have chiefly examined is a well-defined tract 
(see Map, PL XV. fig. 1), about eighteen miles in length from east 
to west, and having an average breadth of five miles, lying to the 
north of the towns of Haverfordwest and Narberth. It is lioundod 
on the north by a great fault, running from Koch (/asllo in an 
easterly direction, along the margin of a mass of rock which Dr. Hicks 
has claimed as Pre-Cambrian. On the west and south, the Lower 
Palmozoic rocks of this tract are succeeded by Old K(*d Sandstone 
and Carboniferous deposits, and on the east, a considerable extent of 
Dandeilo limestone is represented on the Getdogical Survey map. 

Within this area is a j ortion of a wide synclinal, comjdicatod by 
minor foldings, running from near Clynderwxn Station on the east, 
to the Coal-measures on the w’^esi. South of this is a complicated 
anticlinal in the neighbourhood of Narberth. 


§ 2. Eiftahlishment of the SiiccegsioH, 

1, Lingula Flags , — To the north of the great fault alluded to as 
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rimning eastward from lioch Castle, north also of the Pre-Cambrian 
ridges, parallel with this, are black iron-stained slates, weathering 
olive-grey or yellowish, generally dipping north. They are well 
seen near Loweston, Trolgarn Bridge, and Spittal Cross. At Lewes- 
ton Old Mill they have yielded : — 

\gTiOBtu8 pisifonnifl, LAnn, 1 Olenus spinulosus, WaU, 

, var. Bocialia, Tidlh. j 

At Trefgarn Bridge the following very important section occurs in 
a quarry by the roadside, close to the fourth milestone from Haver- 
fordwest (fig. 2). 

The shales are considerably disturbed, and contain a fair number 
of fossils of the same species as those found at Leweston Old Mill. 

The conglomerate adheres to an ashy-looking rock of Pre-Cambrian 
(?) age, with nearly vertical divisional planes, the origin of which we 
were unable to determine. 

The fossils found in these two localities prove that these beds are 
lingula Flags. Dr. Hicks has recorded the presence of Lingula 
Flags about this spot (Q. J. G. S. vol. xxxv. p. 287), but gives no 
fossil list ; and it is interesting to find that his determination of the 
age of the beds, based presumably upon lithological characters, is 
fully borne out by the fossil evidence. 

To the south of the great fault, much newer beds occur, so that 
wo arc unable to record the occurrence of Tremadoc and Arenig 
fossils in the area under consideration. 

2. Diihjnuxjraptm Shales . — These beds occur in the complicated 

anticlinal to the east of Narberth, and, next to the Lingula Flags, 
are the oldest beds we have met with in the tract of country we 
have examined. They consist of black graptolite-shales of the 
ordinary type, crowded with “ tuning-fork Didymograpti.^ and con- 
taining also small homy brachiopods and fragments of trilobites. 
Didymograptus ^lurchhonl occurs in abundance. That these beds 
lire underneath the Llandcilo limestone is shown by their occurrence 
in an anticlinal arch between the limestone of Llan Mill and that 
of Lampeter Yclfry. The southern arch of this anticlinal is vertical, 
and even reversed in places, but it is indicated as an anticlinal in 
the horizontal section No. 2 of the Geological Survey. The lime- 
stone of Lampeter Yelfry is a faulted synclinal, and to the north 
occurs another anticlinal, between Lampeter Yelfry and Uandewi 
Yelfry, and here again the Didymograjdas^shaleB are found, and have 
yielded Didt/moqrapit ])y the roadside west of “ LI ” in “ Llandewi 
Yelfry." ‘ ’ 

The same fossils are found in similar shales near Whitland, below 
the limestone, but at some distance from its outcrop. 

Prof. Lapworth (Ann. & Mag. Nat. Hist. Ser. 5. vol. iii. p. 59) a^o 
places the Didymograpius-shdlee of this area below the Llandeilo 
limestone. 

3. Llandeilo Limestone . — The well-known black limestone of Llan 
Mill, Lampeter Yelfr}% Llandewi Yelfry, &c., interstratified with 
black shales. It is frequently crowded with fossils, and the following 
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are preserved in the Geological Survey ^fuBoum fi<»m the limestone 
of this region : — 

Montioulipora favulosa, PhilL Trumt*lf\iH fuvus 

Beynchia oomplicata, Sa/f. na wnwa, ^ >fr. 

Oalyiuene cainDren»«is, Ortlus striatula, (! 

Aaaphus tyrwmus, ^furch, &c. &<’. 

The limestone is ahso ^een north of Stonovfoul, on the road 
between Narberth and Clynderwcn Station ; and BiMiilar limestone, 
which has, however, not fumiRhcHi us with tiny fossils, occurs at 
Bullhook and Camn> 80 , as marktHl on the (n»ological Survey map, 

4. IHcranograptus Shah^t , — These In^ds immediately succeea the 
Llandeilo limestone of IJandewi Velfrj’, and are seen tilK^ve the lime- 
stone quarry at “ P *Mn “ Parsonage/’ 'Jhey are black shales, with 
some grit bands, and are usually crowded with graptolites, including 
Dieranograptus rajnosiis^ CUmacoffntptua hkurnU, &c. Wo have 
nowhere seen a sootion giving the eomjdeto series. At Uandewi 
Velfry there is room for about oO feet of shales between the 
Llandeilo limestone and the beds above the shale*, but it is very 
doubtful whether the whole of the shales arc now re]>rc8ontcd here. 
The uppermost beds of the scries certainly 0 (‘cur at this locality. 
They are wcU-defined, Haggy and sandy black shales, charaderized 
especially h}’-the abundance of Orthh argeuita^ His., and may there- 
fore be spoken of as the zone of Or(lu$ anientea. 

Dr. Hicks (Q. J. G. S. vol. xxxi. p. 17^) also places the Llandidlo 
limestone between the Did gmog rapt va- and Dicramgrnptns-i>]vd\cH. 

Conjinnatonf sections . — The Dicrfiin>//r(tptits^H]mlQs are cxjxKcd to 
a considerable (‘Xtent to tlic north of the conipb'x synclinal. 

On the west side of the \Vc*tern (’loddau, they occur much folde<i 
in the neighbourhood (»f C’amro«sf*. and at (’ainrose Mill the Uicrano- 
gmptus beds are again ‘'Oen succeeding the IJandoilo limestone. At 
Wolfsdalc the} have yielded Ogggia Dnchli. On the east sidi' of 
the Western (leddau the beds set in at Kudbavton, and we have 
found graptolitcs at (irecai l*Iain, south of Trefgani Pridgi*. At 
Clarboston-ltoad Station also graj)toliti“< occur. The beds can th(‘ii 
be traced in several sections aloni; the railway as at Pendwr, Long- 
ridge Bridge, and Blaen Waen, between (Jlarbeston-lload and (/lyn- 
derwen Stations, and thc\ appear to overlif* the Llandeilo limestone 
south of Bullhook, although the two are not in close proximity. 
These beds are also brought up by folds to the soiitli of tliis. North 
of Htoneyford they lie immediately over t he Jdandcilo limestone*. ’Flic 
Orthls-argentca zone is seen near Grondre, at Bobeston Watben, and 
at Prendergast, but no Llandeilo limestone is exposed at these 
places. 

We have then several iiidependent sections showing the Dlcrano- 
shales immediately succeeding the Llandeilo limestone, and 
the latter may, indeed, be looked u])on as merely a calcareous 
development of the black shales which occur below, within, and 
above it. 

The fossils, other than graptolites, of the Dlcranograptus-shahHf 
occur chiefly in the OrthU-nrgentea zone, with the exception of 
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Or/^f/ia BuchiL In that zone wo find Tumlepas sp,, Pleurotomaria 
find Orf/toceras, Biphonotreta mieula also occurs in abundance, as 
well as in lower zones, and other horny brachiopods are common. 

5. lioheston Watlien Limestone . — This deposit is best known as 
occurring at the village of Robeston Wathen, where a quarry to the 
north of the church contains a black limestone with interbedded 
black shales, dipping H.B.W. The calcaseous bands are crowded 
with Ilalysites catenularius, and other fossils occur, including Orthis 
elegantula^ Balm. Trilobites are rare and fragmentary. 

(It is to be noticed that many of the fossils from this locality in 
the Jermyn-Street Museum are not from this limestone, but firom 
higher beds, to be described presently.) 

As the section here is an important one, a figure of it is added 
(PL XV. fig. 3). 

The graptolite-shales are seen by a stream immediately below the 
quarry, dipping under the limestone. These shales belong, as stated 
above, to the Orthis-arrjentea zone, and the limestone itself appears 
to be a calcareous development of the upper part of these shales. 

Courfirmatory Sections . — Near Grondre, two miles north-west of 
Robeston Wathen, the same limestone is seen, as represented on the 
Geological Survey map. It is crowded with Hahjsites^ as at Robeston 
Wathen, and is here nearly vertical. In a quarry, at this place, the 
black limestone is as^ociated with an ashy-looking limestone which 
yielded a c\ stidean, and which is apparently the representative of 
the lowest stage of the next series : but the relations of the two were 
not determined. Fossils of the black limestone at Grondre : — 

S'vrmgopln Hum orgamun, Iahil Illflenus Bowiimnni, Salt. 

ifalysitcs catcnulanus, Linn. Orthis ActonisB, Sow. 

Petraia apipiisulcuta, J/‘Cby. 

To the north-east of the limestone quarry, in a small quarry in a 
field close to Grondre farm, the Orthis-argentea shales are dipping 
north. The limesltine strikes as though it would pass above the 
shales. The tract between Grondre and Robeston Wathen is much 
disturbed, newer bods being faulted and folded in. 

At Llandcwi X'elfrj, the Orthls-argmtca shales, which occur 
some uay above the llandeilo limestone, pass up into flaggj" black 
limestone like that of Robeston Wathen. 

At Froii, 1 j mile noiih-cast of Llandcwi Velfry, where the Uan- 
deilo limebtono is not seen, the OrtJns-argmtea shales are found in a 
small roadside exiiosurc, dipping a little north of west ; and on the 
hill- side to the west of this and above it, black limestone is exposed 
in a quarry, presenting an appearance quite similar to that of 
Robeston Wathen, also with abundance of Jlalgsites, and amongst 
other fossils the following : — 

Holiolitos iutcrstinctiiH, IVafii. , Glauconome disiicha, 

dubius, Schmidt. . Orthis Actoniae, Sow. 

Petraia coquisulcata, M^Coy. palligramma, Balm. 

elougata, Vhll. ‘ Loptana transversalis, WM. 

lllaL'ilus IBowmanui, Salt. Strophomena rhomboidalis, WUck. 

At l^rendergast, north of Haverfordwest, the Orthis’^argentea 
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On the north platform, the Dicrmio^rapim-^aliales are seen, dipping 
as though to pass under the calcareous beds, and a small thickness of 
these occurs on the south side, just at the east end of the platform. 
Although the two series are there soon in apposition, a small fault 
must occur along the line of strike, cutting out the greater part of 
the calcareous beds ; for the summit of the graptolite-shales (the 
Orthis-arf/entea zone), the Robeston Wathen limestone, and the 
lover part of the Sholcshook limestone stage are absent. 

(6) JledhUl Beds . — We have named those beds after the farm of 
Redhill, two miles north of Haverfordwest, where a (juarry by the 
roadside shows a good section of tlic beds, which are also fairly 
fossiliferous here. (As a general rule, fossils are somewhat scarce 
in them,) They consist of blue-grey shales, weathering olive-green. 
In all cases where the Sholcshook limestone is seen, ii is found to 
pass gradually up into these beds by disappearance of the calcareous 
material. AVe have obtained fossils from the Redhill beds, at 
Redhill, Pelcomb Rridge. and AVolfsdalo AVell, on the west side of 
the Western Cleddau ; and at Rrendergast Alill, Crundale, and 
Robeston Wath('n, on the cast side of that river. The list here 
given shows the principal fossils obtain(‘d Iroin these localities ; — 


W O' 


Cha-tetes, ?p 

Stenopora, gp 

C’rinoid, arms td‘ 

Phacops luucronatug, lirantf}!., var I 

ulifrou^, Salt. ? 

Pronto iiarli, Portl. 

Culymeno, sj> ^ 

Trinuclfu-' Ijiicklaiidi, Barr 

Ampyx r ( Sars 

Honialonotus bisulcatus, Sedt I 

Encnnuriis, sp ^ 

Lingula 

LeptaJiia soricea, Scfir 

teiiuicincta, M'Coy * 

Strophomena rh()mb()ulali*», WilcJc | 

Orthis elegantula, l)alm 

call igrammu, l)alm 

Modiolopgis ? 

Area dissimtlis, Portl. 

transversa, Portl 

Ilolopea conciuna, M^Coy 

Pleurotoinaria, sp 

Beilerophon, gp 

Kcculiompliahis Bucklandi, Portl 

Orthoccras gracile, Portl. 

OyrtoceraH. gp 


* 

* 

# 


* 


# ' 


* 

« i 

...J, 




* 

* 

'.!j. 


* 


•tt 

♦ 

If 


I 

i 
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♦ 
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* 
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The large tract of country west of the Western Cleddau occupied 
by these Redhill beds, is due to frequent rei)etition by folds, and the 
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same has taken place, but to a less extent, on the east side of the 
river. 

(c) Slade beds , — These succeed the lledhill stage at Lower Slade, 
immediately north of Haverfordwest, on the west side of the 
Western Cleddau. They are seen by the roadside, and also in a 
cutting near the mill. From the latter place, we have examined a 
number of fossils presented to the Woodwardian Museum by Dr. 
Hicks. To the south they are faulted against Lower Llandovery beds, 
the fault being seen in section in the road-cutting. 

The beds consist of gritty green shales, with weathered calcareous 
bands, very similar in lithological character to the well-known 
Lower Llandovery beds of this district, but the fossils are to a 
considerable extent different. Trinuclcus seficoniis is fairly common, 
and has never been found in the Lower Llandovery beds of this 
area. Many calcareous bands of this stage are crowded with 
Phyllopora IJislnr/ert, M‘Coy. Among the fossils at Slade are : — 


Stenopora, sp. 

Glyptocrinus basal is, 

Tentaculites angliciis, 

Calymeiio Blumciibacliii, llrongn. 
Phaeops Brongniarti, Portl. 
Ilhcnus March isoui, Salt. ? 

Bowmanni, Salt. 

Homalonotus bisulcatus, Salt. 
Trinuclcus seticoriiib, Hts. 


Gflauconouie distieba, Gold/, 
Lingula. 

Strophomena rhomboidalis, Wilck. ? 

corrugalella, Dav. 

Lcpta'na sericca, Sow. 

Orthis biibrala, Schloth. 

elcgantiila. Palm. 

tcstudinaria, Pahn. 


On the east side of the Western Cleddau, these Slade beds occur 
in a lane north of Crundalc, dipping away from the liedhill beds of 
that locality, which api)ear to pass under them. TJicy are there 
very fossilife^ou8^ and have yielded TrInneJeus si ticonils along with : — 


Petniia, ‘<p. 

Tentaculites anglicus, Salt. 
Pliylloponi Ilisingori, M*Coy. 


Calvincno trinuclcina, Linnrs.? 
Orthis tcstudinaria, Pahn. 
Belle ropl ion bilobatus, Sow. 


These beds are very extensively exposed in this region, being 
found also in the railway-cuttings at Little Hareshead and Clover 
Hill, and in a smtill (piarry at Dallaston. 

At Bobeston Wat hen they occur above the blue-grey shales of 
the liedhill stage : and on the other side of the liobeston Wathen 
synclinal, are seen at Benlomond Cottage, where Prof. Phillips 
found Trinucleiis omatus. var. Caractacl (Mem. Cool. Survey, vol. ii. 
p. 240). 

Fossils from the north side of the liobeston Wathen synclinal are: — 


CTiinacograptus. 

Petraia. 

Tontaciilitcs anglicus, Salt. 
Ptilodictya costellata, M^Coy. 
Oalymenc trinucloina, Lhmrs. ? 
Trinuclcus seticornis, His. 
Obeirurus, sp. 

From Benlomond Cottage :• 
Tentaculites anglicus, Salt. 

Lichas. 

Orthis oalligramma, Palm. 


Phaeops Broiigniarti, Portl. 
lUsBUiis. 

Orthis jiorcata, M' Coy ? 
Leptaeua sericca, Sow. 
Strophomena. 

Bellerophon bilobatus, Sow. 


Orthis tcstudinaria, Palm* 
Leptssua seiicea, Sow, 
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North of Stoneyford, the beds of this stage are also seen in the 
southern limb of a small synclinal, the lower beds of which are 
apparently absent, owing to a slight dislocation. 

To the east of this, the same beds are found occupying the more 
central part of the synclinal north of Llandewi Yelfr}\ 

7. Conglomerate Series . — Near the centre of the complex syn- 
clinal, and in the centres of the minor synclinals of Kobeston 
Wathen, Penblcwin, and to the north of Llandewi Yelfry, a coarse 
conglomerate is found with pebbles of vein quartz, and other 
materials of distant origin, succeeded by a coarse (|uartzo8e grit. 

To the west, this grit appears to be first mot with in the railway- 
cutting south of Sholeshook, where it is faulted in against older 
beds on the north. To the east of this, it is seen near Mary- 
borough, dipping north at a low angle. Prom here it runs eastward 
along a ridge to Wiston Wood. In a quariy^ south-west of Yalley 
Farm, green-banded mudstones, with beds of quartz-grit, possibly 
belonging to this series, are found. On the north side of the 
quarry they dip at a very low angle to the north, whilst on the 
south side they are vertical. This appears to be due to a sudden 
bend rather than to a fault. To the west of Wiston Wood, the 
conglomerate is exposed in a quarry in a field. It is here nearly 
vertical, but dips sfightly north, and, according to the strike, would 
pass beneath the beds of the last-mentioned quarrj*. 

Another ridge of grit runs to the north of this one, also in a 
general east and west direction. It is seen faulted against Trhm- 
dem-seticomis shales, in the railway-cutting, west of Wiston Mill. 
Proceeding in an easterly direction, wo again find it exposed on the 
ridge 3 mile 8. of “ 0 ” in ‘‘ Dallaston ; ’’ it is here much disturbed. 
It appears to be continued along this ridge to Wiston. In a quarry 
south of Church Hill, near this village, a very coarse grit is found, 
dipping south. Wherever exposed, the grit of this ridge appears to 
overlie or be faulted against beds of the Slade stage. 

A third grit-ridge runs parallel to these, and to the south of 
them. Grit is found, apparently overlying green shales, in a road- 
cutting west of Slebech New Church, In a quarry south of Clorkon 
Hill, east of the last place, conglomerate is exposed, dipping north. 

At Robeston Wathen the conglomerate is many feet thick, and 
occupies the centre of the s^’nclinjjl shown in fig. ii. in each limb 
of the synclinal it rests upon the representatives of the Hladc beds, 
containing Trinucleus, 

A patch of grit is seen in a quarry south of “ Camp,” 1 J mile 
north-east of Robeston Wathen. The relations of this to the sur- 
rounding bods are somewhat obscure, as the tract of country between 
the limestones of Robef-ton Wathen and Grondre is, as already 
stated, much broken. 

Another ridge runs from near Penldewin eastward. Here the 
conglomerate is found in a quarry west of Carmine, dipping north 
at an angle of 20® and succeeded by coarse grit. It rests upon the 
representatives of the Slade beds which occur at the cross roads at 
Penbelwin. 
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The last appearance of the conglomerate eastward, in the area wo 
have examined, is in a quarry west of Wheelabout, where it is 
succeeded by sandstone, the beds dipping I^.W. It occurs at this 
place also above beds of the Slade stage, which are well seen at the 
“ k ” of “ Bank Saison ’’ dipping west. 

Prom the numerous exposures of the beds of this series, where 
they immediately succeed the Slade beds, there seems little doubt 
that this is the true position of the conglomerate ; and as we have 
found no evidence of its resting upon any beds lower in the series, 
it would seem that there is no very great physical discordance at 
the base of the conglomerate-band, which nevertheless may mark 
an important physical change in the area. 

We have unfortunately been unable to find any exposures showing 
the conglomerate succeeded, without suspicion of faulting, by still 
higher beds, as it occurs in most cases on the summits of ridges, 
and the higher strata have been removed by denudation. In one 
instance, however, the grit is found between the Bala and the 
fossillferous Lower Llandover}- beds. This is in a section, pre- 
viously alluded to, on the railway between Haverfordwest station 
and Sholeshook. The diagram section (fig. 5) shows the actual 
exposures, and the fault and folds which we consider necessarj’' to 
explain the apparent sequence. Between the Sholeshook limestone 
and the grit only one isolated exposure is seen, in a lane east of the 
railway, having bods lithologically like those of the Slade stage, and 
containing fossils which are too imperfect for determination. The 
beds between the grit and the station arc also somewhat un- 
fossiliferous, and though the fossils found, including Phacops mu- 
cronatuSy Ang. (the form which occurs in the Upper Brachioj^od beds 
of Sweden, and not the variety of the Sholeshook and liedhill beds), 
seem to indicate the Lower Llandovery ago of the beds, the deter- 
mination is doubtful. We can, however, draw no line between 
these beds and the very fossiliferous beds of the Gas-works, of true 
Lower Llandovery age. 

Another point to he noticed is the absence of the conglomerate, 
which, however, occurs in connexion with the grit, further oast, as 
above described. Its absence appears to point to the existence of a 
fault, as well as the inversion represented in the diagram. The 
relationship of the conglomerate series to the Lower Llandovery 
further cast is obscure, owing to the paucity of sections. Prom the 
nature of the ground, we should expect this series to pass con- 
tinuously round from Wiston to Slobech, thus lying between the 
Lower Llandovery and the Bala beds which occur further east. 

"What scanty evidence wo have, therefore, certainly points to the 
conglomerate scries being immediately succeeded by the fossiliferous 
Lower Llandover)" beds, and this conclusion is supported by the 
palaeontological evidence ; for the fauna of the 81ade beds, though 
diflbring from that of the Lower Llandovery beds, has several forms 
in common. 

Moreover, the accumulation of the conglomerate series shows 
only a slight pause in a period during which beds of similar litho- 

Q.J.G.8. No. 163. 2 l 
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logical character were being laid down, as the Lower Llandovery 
beds closely resemble the Slade beds lithologically. 

8. Lower Llandovery Beds, — These beds are, as explained above, 
apparently faulted against the lower beds in the immediate neigh- 
bourhood of Haverfordwest. They are usually very highly inclined, 
and stretch to the south of the town for nearly two miles. The 
well-known section at the Gas-works shows the general character of 
the rocks, which consist of gritty green shales, with hands of grit, 
and weathered calcareous bands crowded with fossils. As the 
organisms of this deposit are preserved in many museums, it is un- 
necessary to give a full list. Nkhilites favus^ Petraia suhduplkata 
var. crenulata, Tentaculites am/Uetts, and brachiopods, lamellibranchs, 
and gasteropods are all abundant. Amongst the fossils hitherto 
unrecorded from these beds are Phacops eleyans^ Bceck and Sars 
(^sselJiptifrons, Esm.), and Dciphon Forhesi^ Barr. A fine specimen 
of the latter was presented to the Woodwardian Museum by Mr. H. 
T. Wills. 

§3. Comparison with tin Deposits of other Areas. 

The resemblance of many of our stages to those of other areas, 
whether we take into account their lithological or palu'ontological 
characters, is so striking, that it cannot bo a mere coincidence, 
especially as this resemblance does not occur in isolated stages, but 
in the consecutive stages of somt* of th(‘ scries. We propose, there- 
fore, to point out briefly some of these similarities, as they afford 
assistance in attempting the correlation of deposits of different 
areas. 

i. Lingvla-’Flays. — These beds appear, from the occurrence of 
Olenus sjiinidosns^ t<» represent the Lower Dolgelly beds of the 
Lingula-Flags of Xerth Wales, which are correlated by Prof. 
Brdgger (Sil. Et. 2 and 3, p. 144) with his ^^Paruholina-sjunvlosa 
niveau ” (2 in the Ghristiania district, where that fossil is likewise 
associated with Agnostus socialis. 

It is desirable, however, that additional species should be obtained ; 
for whilst the fossils already procured leave no doubt as to the 
Lingula-Flag age of the rocks containing them, it is perhaps 
dangerous to attempt to assert positively to what portion of the 
Lingula-Flag series they belong, without further eridence. 

ii. Didymograptus-iShales. — The “ tuning-fork ’’ grajdolites of 
these beds are characteristic of Dr. Hicks’s Llanvirn beds in the 8t.- 
David’s district, as elsewhere. As the horizon is so well known in 
many places, and contains this particular type of graptolite, it is 
needless to give a list of deix)8it8 of the same ago in other areas. 

iii. LlandeUo Limestov \ — The remark just made iipplies in this 
case also. The position of the AsaphusAyramius beds is well estab- 
lished in South Wales. At the same time it is possible that the 
beds included in the Dandeilo limestone of other regions are partly 
represented by the lower beds of the succeeding division of the 
Haverfordwest district ; for whereas Ogygia Bucliii has not been 
discovered by us in the limestone, and is ai)parently not recorded 



LOWER PALiBOZOIC BOCKS OF HAVERFORDWEST. 487 

from the limestone of this region, it does occur in the graptolite- 
shales of the succeeding group. 

iv. Dicranograptm-Skales. — It has already been stated that 
several zones must be represented among these beds, and that we 
have been unable to work these out in the field, owing to the 
absence of exposures continuous throughout the series. That the 
beds do represent generally the Glenkiln and lower portions of the 
Hartfell groups of Scotland appears probable : but as we have sub- 
mitted a largo collection of specimens from this horizon to Professor 
Lap worth, we leave the fuller determination of the age of the group 
to him. 

The uppermost bands, which are crowded with Orthis argervtea^ 
may bo compared with the Orthis-argcntea zone of Dr. Linnarsson in 
Sweden {cf. Lap worth, (Jeol. Hag. dec. ii. vol. vii. p. 43). 

V. lioheston- Wathen Limestone. — The fossils of this limestone are 
certainly of Middle Bala facies; but trilobites are rare, and the 
organisms are chiefly corals. The identification of this bed with 
parts, at any rate, of the Bala and Coniston limestones receives strong 
8UX)port from the evidence furnished by the succeeding deposits. 

vi. Tri nndeus-seticorais Beds. 

(a) Sholeshool' Limestone Stage. — This is comparable both litho- 
logically and paheontologically with the Bhiwlas limestone of Bala, 
which must certainly be of different age from the true Bala limestone. 
The bed is so peculiar in character, and maintains its appearance 
and palaeontological characters so uniformly over a wide area, that 
it is very easy to identify, and forms therefore a very important 
horizon for purposes of comparison. Tho Ehiwlas cystideans are 
similar to those of Sholeshook, and the trilobites arc mostly of the 
same species. Stauroaplialus is present at Ehiwlas as in Pembroke- 
shire, and associated with it arc the following fossils of the Sholes- 
hook stage : — 

Ainp^x tumidus, Forhes. Trinucleus seticornis, His. 

CheiruruB jinenis, Saif. Lepteena tenuicincta, M‘Coy. 

bimucronatus, Miirch. Cyrtoceras sonax, Salt. 

It may be observed that, as Professor Sedgwick made his Upper 
Bala series to include the beds above the Bala limestone, this stage 
must be takim as the base of that series, and it forms, as observed, 
a readily recognized base. 

In the Lake-district a bed of quite similar lithological cha- 
racter occurs immediately above the Coniston Limestone. Its fauna 
has not yet been fully described, but one of us has elsewhere 
noticed it (‘ Sedgwick Essay, ^ 1882, p. 58). Stauroceplialus is there 
associated with the same cystideans as at Sholcshook, and a large 
number of trilobites are common to the two deposits, and do not 
occur in the underlying Coniston limestone. 

The starfish-bed of Prof, Lap worth (Q. J. G. S. vol. xxxviii. 
p. 619) may possibly be the representative of this in the Girvan 
area ; it also contains StaurocepJiahis glohiceps. 

In Ireland tho same group of fossils appears to occur at Desert- 

2l 2 
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creat, Tyrone* judging from nn examination of th* Bpecimens pro- 
served in the Museum of Fmcticttl (2iH>Iog>\ Amt»ngst (ho foHHiln 
common to Sholoshook and Deserterent tiro : — 


Pbacops Brongniarti, Ih>r(i. 
StMiroQ^fihjdus globicfp^ PorfL 
Bemopleurides dorso-spinifor, IWtf, 


lUiimus lk>wiik«n]u, Mf 
%gin» Utifronf, IW/, 
Trioudeiui teiioonna, ffh. 


The absence of cystideans at Desertcreai is noticeable* 

A large number of fossils are recorded from thb Iridi locality, 
which seem to show that the represtmtativea of the stage 

occur there also. 

In Swi^len the samh fauna apf^ears at the same honson in beds 
of precisely similar lithological character. Immediately above the 
beds correlated with the MidtUe Ihila in VVestn>gothia, Dr. 

Linnarssoiis StmirovrphnhfitAmi^ (at the hnse of the lirachio|K>d- 
schists) contain Staumct jJutitw Aiig., Protim hrfvifntwt, 

Phacojtf nuicronatus^ Oalt/mtia tidHTculnta^ e^ntnita 

Tnmickus Walthufuriji tnnot/n^t, parafhth] 

and Pamh ria u\e(jalophthahiut (Linnarsson. ‘ Orn Vostvrgot lands 
Camhriskn och Siluriska Afhigringar.' p. A I). 

In hcania fUso the same bed occurs. Dr. TiiIJlxTg ( ‘ Sk/lnes (irai)- 
toJiter, i. p. 17) records in his /one with Stuvron pha(us clnvifmuR : - - 


Staur-xyepl mills chTifrons*, Atm 
PImeops inucronata, An/ 7 , 

Trill uoleus Wnhlenlk'rgi, Jioveu^f. 
IlJaenU'?, c/. SaltiTi. Jiarr 
Proefu,s brevifroiis, Ang, 
Clieirurus, sp. 


•\nipyx (•‘tra(?omN. A/zg 
Phillipsia parab(»Ia, //err 
AoidaspiH, t«p. 

C’alviiKMio nlumenbarhii, Urongn,^ var. 
Agnostus triiiodus, Salt. 

Dontahiun, sp. 

Turbo, .sp. 


S';'*oral occurrence in this K„ne af SiaurovepJmhi, <,hh;. 
fc;).?, or a closely aUicd species, it may be conveniei.Uy spoken'of us 
the htniirocejfhdiis-zone, 

^'*^‘olo<;ically like the Ashgill 
shales of the Lake-district, which also immediately overlie the 
St(n,roccph,h,s-Mno In Scotland the “soft blue muilstonos 
homogeneous thick-bedded, and more or less concretionary in 
I’fof. Lapworth as occurring abovo^ the 
Star&h-lwd of Lady Burn, in tho (lirvan area, seem to bo likewise 
similar (Q. J. G. 8. xxxviii. p. 

In Scandinavia tho beds with riutco^^s eucentra, Ang. (a varieti 
of P. mwroncUux ?), which immediately succeed the NtaitrocepZiaJm 
zone in Scania and Westrogothia, have elsewhere (Q. J. 0. xxxviii 
Britdn^ compared by one of us with the Ashgill Shales of 

(c) .Shulo Hals— ThcBo rre not precisely like any beds known to 
us as occurnng about the same horizon in other areas. 

In the I^ake-district a mottled grey limestone with many 
brachiopods oMurs immediately above tho AshgiU Shales and below 
the BirkhiU beds in Skol^ Beck. Like the Slade beds, it il 
marked by tho occurrence of Olimacoyrajitus and tho absence of 
Monijyra 2 >tus. 
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In Scania, Dr. Tnllberg (‘Skines Graptoliter,’ i. p. 17) finds 
above his zone with Phaccps mucromtus (P, eucentra) a zone with 
Diphgraptm and Climacograptus scalaris^ and marked by an absence 
of Monograptus, This zone he places at the top of the Upper 
Cambrian (Sedgwick), and not at the base of the Silurian, where 
Prof. Lapworth describes a zone marked by the absence of Mono- 
graptm^ viz. at the base of the Birkhill beds {of, Lapworth, Q. J. 
G. S. vol. xxxiv. p. 318). 

In Westrogothia the gritty beds with Trinucleus at Mosseberg 
may represent our Slade beds. 

vii. The Conglomerate . — ^As stated, when describing the apparent 
position of these beds, they appear to succeed everywhere the Slade 

If this be their true position, they form a satisfactory base to the 
Silurian rocks of this area. 

We may compare them with the Mullock-Hill conglomerate of 
Prof. Lapworth (Q. J. G. S. vol. xxxviii. p. 621), which lies in the 
(xirvan district directly above the ^rmwoZet^s-shales, just as the con- 
glomerate in the district now described lies above our Trinudeus- 
shales. 

viii. Lower Llandovery Beds , — We have applied this term to 
the shelly sandstones immediately south of Haverfordwest town, as 
they have been constantly spoken of as Lower Llandover 3 ^ If they 
do actually succeed the Conglomerate stage, the latter should also be 
included in the Lower Llandovery series. 

These shelly sandstones are lithological] y and paleontologically 
similar to two well-known deposits, viz. the Mullock- Hill Sand- 
stones of the Girvan district, and stage 5 (3 in the neighbourhood of 
Christiania. All those contain Nididitcs along with StrieJdandinia 
and a host of other brachiopods. A comparison of the published 
lists will show the practical identity of the faunas (r/. Catalogues 
of ralaeuzoic Fossils in the Woodwardian Museum, and that of 
Practical Geology, also Kjerulfs ‘ Veiviser ’), 

The upper part of the Brachiopod-beds of Westrogothia hast 
similar fauna, and is placed on this horizon by the Scandinavian 
geologists. 

One of us has in a previous communication (Q. J. G. S. vol. 
xxxviii. p. 31(5) discussed the ago of the Lcp^^raa-limostoue of Mr. 
Tornquist, which occurs in Dalecarlia, and has referred it to a posi- 
tion above the Lohiferus- and Betiolites-shdXe^ of that region. This 
was certainly a mistake, duo to ignorance of the phenomena pre- 
sented by a greatly disturbed region at the time of examination. 

Dr. Fr. Schmidt has shown (Q. J. G. S. vol. xxxviii. p, 523) 
that the fauna of the stage F of the East Baltic provinces is that of 
the L^tcpwo-limestone of Osmundsberg. 

The Lcptcena-limesione contains a mixture of faunas of several of 
the Haverfordwest beds, viz. : — ^the Lower Llandovery, Trinudetis- 
seticornis beds, and perhaps even of the Robeston-Wathen limestone, 
the corals of which also occur in the 
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§ 4. Gonelusion. 

We have endeavoured, in this paper, to establish *the succession 
in the district under consideration. That certain difficulties are not 
yet cleared up is admitted. Our inability to discover any section 
showing normal Sholeshook limestone resting upon normal Eobeston- 
Wathen limestone is unfortunate. In separating these stages from 
each other, we are influenced by the lithological and paleontological 
difterences between the two deposits, and by comparison with 
similar beds in other areas. But for this, we should bo disposed to 
look upon the Eobeston-Wathen limestone as a local development 
of the Sholeshook limestone. We may note, however, that there 
are many places in the district where one or more of the limestones 
can be satisfactorily ])roved to have been crushed out. 

As already explained, also, the relation of the conglomerate to 
the succeeding beds recjuires further study. 

These minor difficulties have been encountered when studying 
portions of the sequence which are typically developed elsewhere. 
As they do not greatly aftect our establishment of the Be(iuence in 
this area, and as other difficulties would probably arise upon further 
exploration, the announcement of our results might be indefinitely 
postponed, and we therefore venture to bring our work before the 
Society, in the belief that what we have done will prove sufficient 
to furnish a clue to the solution of a very interesting question, viz. 
the nature of the foldings which have affected the district. 


EXPLANATION OF PLA'I’E XV. 

Pig. 1. GteologiCiil Sketclj-Map of the iieighbourhcxKl of HaTerfordwest. The 
map, based on that of the Q-eological fcjurvey, is simply intended as a 
sketch-map, showing the general distribution of the bods , and the 
boundaries in many places are only approximately correct. The 
Bedhill beds and Slade beds have been represented by the same 
sign, as we ha\e not traced the boundary between them over the 
wliole district. The lJicra7iog[rapfu,y-shaleR of Grondre and Longford 
may extend further east than represented. 

2. Section in Quarry south-east of Trefgam Bridge. 

3. Section through Kobeston Wathen. 

4. Section in the Lane north of Prendergast Church. 

6. Diagram-section along the Railway from Haverfordwest Station to 
north of Crundale. 


Discussion. 

The Pbesidbnt expressed his pleasure at seeing that such ad- 
mirable work had been dor.e by Cambridge geologists. • 

Dr. Hicks stated that the Authors had entirely confirmed his 
views that the rocks of Eoch Castle and Trefgarn which he had 
referred to the Archaean were not, as believed bj^ the Geological 
Survey, intrusive rocks penetrating Lower-Silurian strata. The 
recognition of the important fact that these ore of Pre-Cambrian 
age was absolutely necessary before the geology of the area could 
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possibly be interpreted. The succession of the rocks in this district 
had never been unravelled till the Authors undertook the task. 

Prof. Httgheb remarked on the absence of the evidence of the 
occurrence of the Harlech Grits except the basement-bed, of the 
Menevian, the Tremadocs, part of the Arenigs, and other forma- 
tions. He thought the Hirnant limestone really consists of two 
members which are separated by a great break, and the lower of 
these only is represented by a limestone in the area described. He 
thought it probable that the equivalents of the Upper Conglo- 
merates might be found in the Malvern district, and that they form 
the base of the Silurian. 

Mr. Maeb thought that the beds in Trefgarn-Bridge Quarry exhibit 
signs of faulting, which may account for the apparent absence of 
some of the strata. He thought that a great confusion had arisen as 
to the position of the conglomerates at the base of the Silurian. 
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36. General Section of the Bagshot Strata from Aldershot to 

Wokingham. By the llev. A. Irving, B.Sc., B.A., F.G.S. 

(Bead April 15, 1885.) 

A residence of some years in the Bagshot district of the London 
Basin has afforded me opportunities for many observations on the 
Bagshot strata which have escaped the notice of previous writers 
on the subject. Some of these have been already recorded Two 
or three years ago 1 was led to investigate the origin of the green 
colouring- matter eo prevalent in the Middle and Lower Bagshot 
strata, and an account of the results arrived at was given in the 
‘ Geological Magazine ’ t, the bearing of the facts upon the question 
of water-supply being shown to be of some economic importance. 
More recently J I have given some results obtained by a further 
prosecution of the same line of inquiry, and have stated that they 
have led me to regard the Middle and Lower Bagshot strata as, 
upon the whole, a series of marsh-, and -deposits, such 

as are now forming in the alluvial flats at the mouth of many a 
large river, but those of the Upper Bagshot as the deposits of a 
marine estvarxj, which covered up and overlapped the Middle and 
Lower series, so as to have extended over parts of the London 
Clay. This inference from chemical and pliysical evidtmcc is at 
variauce with tin* * * § generally received view as to the j)hYsieal history 
of these strata, the first (‘minent worker on these beds having 
declared that they wer<‘ conformable to the London Clay §, and the 
Geological Survey having map])cd the district in accordance with 
such a supposition. 

The main object of this paper is to bring before the Society 
stratigraphical evidence on this question. It must be understood 
that I make no attempt hero to correlate the strata of our Bagshot 
district in detail with the corresponding strata of the Hampshire 
Basin : I use the terms ‘ Upper,’ * Middle,’ and * Lower,’ therefore, as 
applied to the Bagshot strata, in their natural sense, to mean the 
well-marked upper, middle, and lower divisions of the latest Eocene 
formation of the district to which it owes its name, regarding this as 
a distinct area of deposition in Bagshot times. 

In the classification of the Bagshot beds 1 hjive included the bed 
of loamy sand (No. 4, figs. 1 & 2), which occurs so generally imme- 
diately above the green sands and clays, in the Middle Division (as 
was done by the Survey) ; the pchblc-bed, however, which commonly 


* See Proceedings of the Geologists' Association, vol. viii, pp, 143-173. 

t See Geol. 1^. doc. ii. vol. x. pp. 404-413. 

1 Ibid. dec. iii vol. ii. 

§ See Prestwich, Quart. Joum. Qeol. Soo. vol. iii. 
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occurs next above it, appears to have been overlooked b^ the 
Surveyors, though it crops out in many places. There is some indi- 
cation of considerable contemporaneous erosion in some sections 
where the pebble-bed rests upon this loamy bed ; and in the bed 
itself thin seams of pipe~clay generally occur. On this last point, it 
would seem, my observations differ from those of the Surveyors *. 
Grains of quartz coated with black and green amorphous matter of 
vegetable origin are scattered freely in this bed ; they are especially 
numerous in juxtaposition with the pipe-clay layers. 


Detailed Sections. 

As these are rather numerous, and are spread over a rather large 
area, extending about 13 miles from north to south, it will tend to 
simplify matters if wo consider these sections in two series : — a. Deep- 
well sections, giving the whole range of the Bagshot Sands, and in 
some cases the London Clay as well ; h. Sections in which only por- 
tions of the Bagshot Sands are exposed. We shall find the general 
character of the three divisions of the Bagshot strata sufficiently 
determined by the evidence afforded by the former series to aid us 
considerably in determining the stratigraphical horizons of the 
sections of the latter series. 


a. Deep-Well Sections. 

(1) Well-section at Wellington College. — The specimens and 
measurements of the strata piereed in digging this well were pre- 
served with great care. The sectional diagram (fig. 1) has been 
reprinted (with additional notes), with the courteous permission of the 
President and Council of the Geologists’ Association, from vol. vi. of 
the ‘ Proceedings ' of that Society. The grouping of the strata agrees 
substantially with that adopted by Prof. Prestwich many years agot. 
A few supplementary notes, for which there is not sufficient space 
on the margin of the diagram, may be useful. 

No. 2. This is a quartzose sand, stained with carbonaceous matter 
on the grains, with scarcely a trace of iron. The occurrence of this 
bed of dirty sand here is exceptional ; this horizon is generally 
occupied by a bed of stiff yellow loam, almost a clay, which passes 
up into the yellow sands. 

No. 6. This bed was worked for about twenty years in the neigh- 
bouring brick-field, and Wellington College was built with bricks 
for which it afforded the solo material. 

* See Memoirs of the Geological Survey, vol. iv. pp. 329, 330, where the bed 
is described as “a bed of ferruginous sand without pipe-clay.” The general 
outlines of Bagshot stratigraphy are given so fully in tnat work as to require no 
further description here. It has been generally assumed, but, I think, never 
provedy that this area of deposition was continuous with that of Hampshire 
through Bagshot times. 

t Quart. Joum. Geol. Soc. vol. iii. loo. cit. As before intimated, however, 
I draw the upper boundary of the Middle Bagshots at a rather higher horizon. 
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B%. 1 . — Vertkal SecUonrf Bag^t Strata disdose d hi du Tried- 
t&rimg for du Dup Wdl at WdUngton CoUege, (Beale 40 feet 
ml uieh.) 


HFraBAOBBOT 




Bagshot 
a«foet) 


LowebjBaoshot 
(about 120 leet) 



Loitdob Olay.. 


ay atoye O r di^o^ 

eniftoe-driA e&ok^ng as^v^ flinto (I foot). 

BiifF>oaloared aand Bofpdiot) (12 foot). 

Oref Mud with dark olivoogreen aad black grains (10 
feet) (rather exoeptional at this horison). 

Well-worn pebbles of black flint in sand (1 foot). 

Boff-ooloarM sand and loam (6 feet) (scattered green 
and black grains and pipe-may). 

Drab-colonredj sandy clay (9 feet), in some sections 
laminated. 

Well-rolled pebbles of black flint in sand (3 feet). 


Grei'n sand, yielding some water at the bottom t 81 
feet). 


Sandjof a dark green tint (7 feet). Much water. 

Fine clay, in part a pure pipc-clay (6 feet). 

Continuation of the next aiiove but of darker shade 
(14 feet). 


Band (CTey),'with olm -green grama (4B feet). This is 
simjuv a dirty quiirtzose sand. 


Continuation of the abore, with rather more oxidised 
iron on the grains (46 feet). 


Indurati'd arenaceous^clay stained with carbon (8 feet). 


Blackened marl and clay laminated in its upper 
portion (85 feet). 


Note.— To the 28 feet of Upper Bagshot Bands, 

.1 4 U«. ....u.:.... «... MM..* .a.1 inn A...* 

and more for the total thickness of ^ese sands as they 
exist at present elsewhere in the diftrict. The neigh- 
bouring hills, on which the Criminal Lunatic Asylum 
is situated, reach a height of 400 feet, and the oonuna- 
ation of the beds of the upper portion of this section 
beneath those bills is proved in numerous well-seotions 
in the Tillage of Crowtbome. We must have, there- 
fore, a thinness of about 140 feet of Upper Bagshot 
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No. 6. The rapid thinning-out of tius pebble-bed was proved two 
years ago in an' excavation made for a rain-water tank for the 
College Laundry., It was only feet thick there. In the neigh- 
bouring railway-cutting it has dwindled to a mere layer of pebbles. 

No. 8. Small fragments of shells occur in this bed, which occupies 
the same horizon as that in which very complete qpeoimens of 
Cardiia &c. were found last year, in the well at Yateley Green, 
described below. 

No. 9, The uppermost 6 inches of this bed show the green sand 
of the bed above, coarsely mingled with the clay ; the next three 
feet consist oi pire pipe-clay. Then, for about three feet, the clay 
is distinctly laminated and coloured with carbonaceous matter. 

No. 10. This is a very homogeneous day-bed, much stained with 
carbonaceous matter. 

No. 12. This bed is slightly more loamy than No. 11. The speci- 
mens preserved have assumed a somewhat browner tint, as the 
result of oxidation during the last 25 years, from the presence of 
more iron in the material which coats the grains. The specimens of 
these two beds (11 & 12) have precisely the character assumed by the 
grey and greenish sands after long exposure to atmospheric oxygen^ 

No. 13. The clay of this bed is exactly like that of No. 10. 

No. 14. The uppermost 25 feet of this bed are strongly lami- 
nated ; the remaining 10 feet pierced have more the character of 
London Clay than of anything else. Hero, then, we seem to find a 
passage of the London Clay into the Bagshot Sands. 

(2) Famhorough Deep Well . — At the southern end of the parish, 
a new well was sunk last year by Messrs. Tilly and Sons for the 
District Waterworks. From the information furnished to me, and 
from inspection of the works, I have constructed the following 
section. The elevation of the mouth of the well above O.D. level 
is 250 feet. 

ft. in. 


Upper Bagshot, 128^ ft. 


Middle Bagshot, 314 ft. 


Lower Bagshot, 62 ft. 


1. Gravel (mixture of pebbles and suban- 

gular fljnts) of later drift 

^ 2. Yellow loamy sand 

3. Yellow sand, yielding water 

4. Yellow loam 

5. Grey loam 

6. Grey sand, yielding water 

^ 7. White-grey sand, yielding water 

( 8. Strong brown clay, pebbles at the top ... 

9. Green loam 

10. Hard gravel, pebbles 

^11. Green loam and pebbles 

' 12. Green loam and sand 

13. Green sand yielding water 

14. Green sand with thin layers of clay 

15. Strong green loam 

^ 16. Green sand and water 

17. London Olay penetrated to 


7 0 
33 0 
33 0 

8 0 
12 0 
29 0 
13 6 
0 9 
17 0 
3 6 

10 0 
22 0 
22 0 
3 0 
12 0 
3 0 
31 0 


I am greatly indebted to Mr. Whitaker for additional notes made 
from examination of the specimens, and his grouping is here 
followed. 
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(8) MjfkJuU PlacSf PrmJey , — An interesting section wes obtained 
We about three years ago, particulars of which were furnished to 
me by the engineer engaged in making the trial-boring, Mr. Eggar, 
of Gower Street. Some specimens were preserved by the proprietor, 
J. Q. Murray, Esq., who has courteously given me every facility for 
investigation of the matter. The following was taken from the 
colour^ diagrams and measurements in possession of Mr. Eggar : — 


Site 250 feet above O.D. level. 


ft. in. 

1. White sand to 53 0 1 

2. Loamy sand to 05 

3. Light green sand to t>7 

4. Dark green stmd to 1)3 

5. Light green sharp sand ... to 180 

6. Light green and sharp 

sand, “with shells,*’ &c- ... to 105 

7. Blue clay, with smooth 

pebbles to 2*28 

8. Glreen loamy sand to 2;i0 

0. Blue clay with pebbles ... to 234 

10. Blue clay to 245 

11. Dark green sand and clay, to 2t>2 

12. Dark green sjukI without 

clay to 2'^5 

13. Brown sand, marl, and 

clay to il08 0 i 

14. Very fine sliarp sand to 330 0 J 


J; I Upper B., fi5ft. 

S} 


. Middle B., 28 ft. 


01 


Lower B., lt)2ft. 


Total of Bagshot 
Sands 195 feet. 


J 


London Clay, G7 feet (?). 


Reading Beds (?) 08 fci*t. 


At this depth the tubes gave way in the fine shar]) sand,” and 
the boring was abandoned. The ft*w specimeris preserved are from 
the last four of the above beds, and afford ambiguous evidence. 

One or two remarks, based on a eompari.Non of the det‘p-wcll 
sections just described, are called for here, (i) There is in all of 
them a general agreement (with difference in details) of the cha- 
racter of the strata of tlie three several divisions of the Bagshot 
Series, (ii) There is an absence of all record of pebhlc-bcds in the 
Lower Bagshot. (iii) The Lower Bagshot beds are, in all the sec- 
tions, characterized liy the predominance of quartz-sand, coloured 
green and grey by the presence of organic matter of vegetable 
origin, (iv) There is an absence of any record of scams of pipe-clay, 
which are met with frequently in beds of the Middle Division (rf, 
fig. 1 and notes) ; and the comparative richness in clay-beds of the 
Middle Division distinguishes it from the l^ower Division. It is of 
importance to note those characteristics of the Lower Sands in sec- 
tions where the order of superposition (as in those just described) is 
as certain as anything can be. 


h, SbCTIOWS IK WHICH ONXr PORTIONS OF THE BaOSHOT SbRIES 
ARE EXPOSED. 

1 . RaUway^cuttingn at Wellington College Station , — In the inter- 
pretation of the sections exposed in the two cuttings at this spot, one 
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to the northi the other to the south of the station, I am compelled 
to differ somewhat from that which has been given to them in a paper 
by Mr. Monckton lately published ♦. The upper pebble-bed, north 
of the station, has been overlooked. The beds of the cutting to the 
north of the station are represented as passing, with a southerly 
dip, under the beds exposed in the cutting to the south of the sta- 
tion. This, however, would give to the Middle Bagshot series a 
much greater thickness than they are found to have in any known 
section in this district. At the northern end of the northernmost 
of the two cuttings nearly the whole of the Middle series is exposed ; 
the sequence of the beds and their several thicknesses (except that 
of the lowest clay-bed, which is only exposed at the bottom of the 
valley to the north) correspond with the sequence and thicknesses 
of the beds (Nos. 3-9) in the well-section (fig. 1). Mr. Monckton, 
in the paper just referred to, has stated that the thickness of the 
beds of green sand (E. p. 350, he, cit,) is not shown; yet I 
have been able to measure it, and find it to correspond very nearly 
with that of the beds of precisely the same character (Nos. 7, 8) in 
fig. 1. He has also stated that in the cutting to the north of the 
station the beds are “ brought into the cutting by a fall of the line.” 
Having taken observations with a spirit-level all along the cutting, 
1 am unable to verify the statement, and the fall ” here referred to 
seems to be unknown to the plate- layers employed on that part of 
the line. 

In the cutting to the south of the station, only the beds Nos. 3-6 
of fig. i arc exposed. The clay-bed of the northern cutting passes 
under the station, and comes up again in the southern cutting, 
rolling over to form a slight anticline, as wc proceed south, until it 
again disappears near the bridge, about half a mile to the south of 
the station. The sequence, character, and thickness of the beds 
are the same as in the northern cutting, except that the green sand 
(No. 7) is not exposed. The upper pebble-bed occurs in precisely 
the same position, and its identity with the bed No. 3 of fig. 1 has 
been directly proved, within the last two years, by the deep trench 
made for the new main sewer of the College, the bed of w^ell-roUed 
flint-pebbles imbedded in a stiff loam having been exposed continu- 
ously from the railway-cutting right up to the College, a distance 
of nearly half a mile. The facts furnished by this section will be 
best understood by reference to the accompanying diagram (fig. 2). 
At and immediately about the station the pebble-bed (No. 3) 
appears to have been much attenuated, and to have been recon- 
structed as later drift, the pebbles being mingled with a few angular 
discoloured fragments of flint, such as form the chief ingredient of 
the later drift-gravels of the higher parts of the country. In the 
cuttings, however, both to the north and to the south of the station, 
the original Bagshot pebble-bed has remained intact. On account of 
the water-logged condition of the beds in this syncline, piles had to 
be driven to get a foundation for the station. 

To the east of the railway, in the brick-field, and in the arable land 
♦ Quart. Joum. 0eol. Soc. vol. xxxix. p. 351. 
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immediately to the south of it the pehble~hed, mtermiugled with a 
few suhangular fragments of the later drift, and probably somewhat 
reconstructed, is exposed at the surface, many of the pebbles being 
very large (4 to 6 inches in length). A little further south, at the 
College Pig Farm, the same bed was found intact, with a thickness 
of about 3 feet, so recently as last year, and worked for gravd. 
The bed Ijhere was simply a mass of rounded flint-pebbles imWded 
in sand. On the west of the railway, to the south of Amburrow 
Hill, it has been again exposed in excavations recently made for 
building-purposes, and it is well exposed in the grounds of Sand- 
hurst Ix)dge, the residence W. J. Farrer, Esq., F.G.S. 

The height above O.D. level of the Middle Bagshots at the 
Wellington well-section will be seen from an inspection of fig. 1. 
The upper pebble-bed, for example (no. 3), is there found at a 
height of about 260 feet; and in the sections just described its 
height ranges (owing to dip) from about that height to 250 feet. 
These observations as to altitudes, it may be remarked, are taken 
(as are all the heights mentioned in this paper) from the Ordnance 
Map of the district, constructed on the ecde of 6 inches to the mile. 

2. Wellington Golletje LaTces , — The 250 feet contour-line passes 
along the margin of the lowermost of these lakes, which have been 
formed by simply damming up the natural drainage of the valley ; 
and the same line passes close to the railway-station. Last year an 
extensive excavation for the new swimming-basin exposed the 
pebble-bed just below the level of the water, at a height above O.D, 
level of 250 feet. Below this (which was of the same character as 
is exhibited by it in the railway-cutting to the north of the station) 
there was exposed from six to eight feet of yellow loam ; and beneath 
this again the green clayey bed is exposed in the open water-course 
by which the lake may be drained. There is no difficulty in 
identifying the beds here exposed with those of Nos. 3, 4, and 
5 of figs. 1, 2 ; and the continuity of the green loamy sand bed 
between these two places has been proved in recent excavations. 
On both sides of the lake a stiff yellow loam (almost, in fact, a clay) 
occurs abore the pebble-bed (No. 3), as it commonly does at the base 
of the Upper Bagshots above the pebbles (cf, ante), 

3. York Town and Camherley . — Here some extensive drainage- 
works have been constructed during the last two years. The main 
sewer follows the turnpike road. Tt commences where the road 
passes over the shoulder of the Obelisk Hill, at a height of some 
320 feet. As the excavation descended the hill, it exposed nothing 
but the usual buff-yellow sands of the Upper Bagshots, until the 
altitude of about 260 feet was reached. At this level the sands were 
found passing down into the usual yellow clayey bed, and beneath 
this a bed of flint pebbles was passed through. Below these pebbles 
a yellow loamy sand was passed throngh till the level of 247 feet 
was reached, when this passed into a green bed of clay and sand, of 
about ten feet in thickness. Below this the excavation was con- 
tinued in loose green sand, the bottom of which was not reached. 

The correspondence in thicknesses and altitudes of the beds here 
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expoied witib the same sequence of beds shown thrive miles off at 
'If^dliiigton College (figs. 1, 2) is remarkable. 

4. TMhu G^m . — A weU, eighteen foot in depths has been 
lately sank oere at the residence of the Misses Bidley. This well is 
foiiiiely in the thick middle green sands of the Middle Bagshots, 
Nothing but green sand was passed through, of the same character 
af &at of the beds Nos. 7 and 8 in figs. 1 and 2, and the water- 
bearing horison at the bcuse of these green sands was reached. 
There was a great find ^ here of Middle Bagshot fossils of 
Bracklesham ago, which Prof. Prostwich has pronounced to be the 
most perfect forms he has yet seen from the Bagshot beds of the 
London Basin. They include very well-preserved specimens of 
Cardita planieosfa (in great numbers), Ostrea Jlahellula, Natica am- 
bulacra , and a fish- vertebra, probably of the genus Otodas, 

The height of the beds here exposed corresponds almost to a foot 
with the height of the same beds in the College well-section (fig. 1). 

5. Farnhorowjh, — A very good section of the buff-yellow Upper 
Bagsbot Sands is shown in the cutting of the main lino of the 
S.W. liailway to the east of the station, and is continued in the hill 
above, where these sands have been lately exj»osod by an excavation 
for the crypt of the Imperial Mausoleum just erected on the summit 
of the hiil. The base of the upper divi*<ion is not exposed. In 
the excavation for the cr}’])t. the sand was found to he washed 
almost to a clean white sand, and partly indurated near the surface, 
the depth of the sand of this character increasing ns the hill was 
descended. This I attribute merely to tin* solvent action of the 
humus-acids furnished to the rain-water as it percolated throui»:h 
the sand having dissolved out the iron as neutral boluhlc salts, llu* 
iron being afterwards precipitated by oxidation when the water wtis 
thrown out by springs at lower horizons. This proce^^s may still h(‘ 
observed in nuraeroius streams in the Bagshot ermntiy*. Masses of 
sand more than usually ferruginous were* met with luTc, a^ in other 
sections in the Upper Sandv ; and in home of these easts of shells 
were found, including one of J*in\opn($ 'mtf mudin^ a R])ecies figured 
in Dixon's ‘CJeology of Su88<*x ’ as la'lcnging to the Itognor Sands. 
The height of this hill 2^5 feet above O.I). level, and from 70 to 
80 feet of strata are exposed down to the level of the line. 

At Famborough liectory, a quarter of a niib* to the south (250 
feet above O.I).), a well dug last y-ear reached the clay at the base 
of the Upper Bagshot at a depth of d(; feet. 

6. Aldershot . — The mass of Ujiper Bagshot mapjied by the 
Survey east of the South Camp is known as Thorn Hill (400 feet 
high), A sand-pit on the southern face of this hill exposes true 
Upper Sands, and shows the correctness of the map here. At 350 
feet above 0.1). level the true Bagshot Pebblo-bc'd is seen cropping 
out between this hill and Cambridge Hospitiil, and resting upon a 
yellow and brown loam wdth seams of yiipe-clay. West of the 
hospital, at the same level, the Pcbbl(*-i>cd is three feet thick, 
where it caps the escarpment; it dips to the north., conformably 
with the underlving bed of brown and yellow loam. A little further 
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west a very marly bod, with many pipe-clay laminae, is seen in a 
road-cutting dipping 2°’5 north; below this is a more sandy bed 
with numerous green grains. 

Crossing over to the south side of the town, a good section, opened 
in tho last two or three years, is met with in the brickyard 
between the reservoir on the hill and the station. Here a brown 
and yellow loam, well stratified, with numerous seams of pipe-clay ^ 
(some of them several inches in thickness), corresponding in cha- 
racter with that which underlies the pebble-bed on the northern 
side of the town, is seen with a dip of 2° souths with a layer of 
indurated ironstone at the bottom, lying upon an eroded surfacte of 
London Clay, which is now here worked extensively for bricks, and 
is therefore seen in good fresh sections. From its position and 
character I regard this loamy bed with its subordinated seams of 
pipe-clay and green grains as tho loamy bed No. 4 of figs. 1 and 2 
developed in somewhat larger proportions on this southern side of 
the Bagshot area. 

A similar loamy bed is exposed in the cutting at the foot of 
Eedan Hill, which is penetrated by a short tunnel a short distance 
east of the station. Along the top of this bed of loam I found 
perfectly rounded flint pebbles (some of large size) imbedded in a 
stiff loam ; and above this line of pebbles buff-yellow sands are 
exposed for about fifty feet vertical. The pebble-bed here and the 
sands above appear to dip to the east ; but that the true dip is a 
good deal to the south of cast is indicated by the occurrence of the 
line of pebbles at a level some 1 5 feet lower in a well-section in 
the cemetery to the south-east of tho cutting. 

I got hold of a ell-digger named Lynch, who has been engaged 
in the digging of a good many wells (several of them being deep) in 
and about Aldershot, and took him to look at the exposures of the 
loamy bed, pointing out to him its characteristics. He assured me 
that tlie same kind of “ loamy sand ” was invariably met with 
before passing into the “ bine clay in all the wells of which be 
had any knowledge, and the indurated ironstone band was generally 
present at its base. From the depth he gave me of the surface of 
the “ blue clay ” in several wells, the Bagshot Sands evidently lie 
here unconformably against London Clay ; and we have seen above 
that in ono section at Aldershot (that in the brickjard) there are 
good reasons for regarding the bed seen lying immediately upon tho 
eroded London Clay as the ujjpcrmost bed of the Middle Bagshot. 
Bedan Hill, though mapped as Lower, must be regarded, I think, 
in the face of the above evidence, as Upper Bagshot. 

Tho accompanying sectional diagram (fig. 3) has been constructed 
from the evidence here given. 

Ga. Ccesar^s Camp, Aldershot , — The Middle Bagshot green sands 
are exposed in a section at the rifle-butts at the foot of the 
northern escarpment of this hill at the height of about 350 feet. 
This gives us more than 200 feet as the thickness of the Upper 
Sands in this hill and Beacon Hill, which are 600 feet high. 
Mottled clav, which it would be difficult to regard as anything else 
Q.J.G.S. No. 163. 2 m 
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Fig. 3 . — Section across the Valley of Aldershot Town, 
(Greatly exagrgeratcd vertically.) 

Aldershot Town Cambridge Thom Hill. 
Bod Hill. and Station. Hospital. 



1. Diift gravel, chiefly of aubangular discoloured flint lying on a deeply eroded 

surface (>1 

2. Upper Bagshot Sands, with predominant colour bufT-yellow. 

3. of weli-riiunded flint i>t‘bbles. 

4. Yellow and brown loam and loamy sand, with numerous layers of pipe- 

clay. oeeasiunally several inches in thickness. 

L.C. London Clay, t'ccisional flint pchl)Ic.s and sharks teeth are met with in 
the clay -pits in the neighbouring brick-fields. 

than reconstructed clay of the Heading Beds, is present hero in a 
considerable mass several feet in thickness, intercalated with the 
green sands. Above the rifle-butts a section of the Upper Sands 
shows a dip of 2 south ; and iii a section on the southern side of 
the hill 1 measured a dip of 8" south. The hill-cap also slopes 
about 2P to the south, flhe Middle Bagshot beds exposed at the 
rifle-butts pasvS not only through Cu?sar’s (’amp, but through Hungry 
HiU also, which has someliow got inapj>ed as Lower Bagshot. This 
hill is f)o0 feet higli, the bcctions about its upper part, down to 
about 35ti feet, show Upper Bag.sliot Sands like those of tho upper 
200 feet of Ciesar’s Caini>, and springs come out at about IloO feet 
level. At about this level, on the southern slope of Hungry^ Hill, 
in the vilbigc of Upper Hale, the wati'r-lK^'aring horizon at tho base 
of tho Upper Sands is proved in two wells, one of wdiich begins at a 
height of about feet and is 1J4 feet deep, while tlio other 
begins at a height of 400 feet or so and is 50 feet deep. This 
information was given mo by the man who was engaged in digging 
them. A little way further dovrn tho hill tho “ blue clay ’’ w as 
penetrated at a depth of about 25 feet. These facts do not 
harmonize with the details of fig. 89, p. B70 of the Survey Memoir, 
and they are still more discordant wuth tho mapping, which repre- 
sents the Middle Bagshot beds as cropping out on the costcni flank 
of Cmsar’s Camp, where a drift-clay deposit lies upon tho 8loj)e of 
the hill ; it is to be seen at the rifio-butt filling an eroded hollow 
in the Middle Bagshot beds, which are as nearly as possible hori- 
zontal, instead of lying at a high angle, as tho mapping would 
require. This clay is as unstratified as any Boulder-clay, and 
bricks w^ere made from it rather more than 20 years ago at a height 
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of about 500 feet. In the wells mentioned on the southern slope of 
Hungry Hill nothing but buff-yellow sand, occasionally more 
deeply stained with oxide of iron, was met with, and the water- 
bearing stratum was described to me as a “ stiff yellow loam.” 

From the facts just mentioned it would appear that beds high up 
in the Bagshot Series rest against the London Clay in these hiUs. 

7. Valley north of Wellington College Station (comp, fig. 2). — 
Turning to the geological map, we find the northern boundary of the 
Middle Bagshot drawn along this valley ; but there are reasons for 
doubting the correctness of this delimitation, and for regarding the 
beds on the north side of this valle}’’ as a repetition of the beds of the 
Middle Division exposed on the south side of it, though they are 
obscured by a considerable accumulation of drift on the north side. 
The facts are as follows : — 

(1) The Clay-bed (No. 9) is reached in the valley at a higher 
level than the bottom of the valley This position of the clay is re- 
presented in fig. 2. 

(2) A little further to the west, where tl»e old Homan road 
known as the Devil’s Highway crosses the highroad to Wokingham, 
a well has been recently dug to a depth of ^38 feet. The mouth of 
this well is about 240 feet above O.D., and therefore about 10 feet 
lower than the uppermost limit of the green -sand beds (No. 7 of 
figs. 1 and 2) exposed at the northern end of the cutting. Making 
allowance for the decoloration ot the upper jmrtion of the green 
sand in tln^ well-section by the action of oxygenated rain-water, 
there is a striking correspondence in the sands pierced by this well 
and the sands (Nos. 7 and 8 of fig. 2) which crop out on th© 
opposite side of the valley ; the green staining of the sand increased 
in intensity with the depth of the well ; lignite in a fragmentary 
state abounded in it, especially in the lower portion ; and at the 
bottom of the well laminated clay was found, like that of bed No. 9 
in figs 1 and 2. 

(J3; In the shallow cuttings of the railway, both north and south 
of the Nine-mile Hide, the bed exposed agrees in character with 
the bed No. 4 in fig. 2, and iij)ou it a pebble-bed is found to rest 
(especially well seen in an old ballast-pit adjoining the railway), as 
the pebble-bed No. 3 does in the section represented in fig. 2. The 
pebble-bod at this spot is about 21 0 feet above O.D level. 

(4) The brook-section west of the railway (though obscured very 
much by peat- deposits) shows here and there clay similar to that 
found in the bed No. 5 of fig. 2, at a height of 200 feet. 

(5) Very near to this, an extensive lake-excavation, recently 
made, was chiefly in a loamy sand, reaching a laminated and green 
l^ed at its deepest part, at levels corresponding with those just 
described (3, 4). 

(6) Half a mile to the west a hill in the midst of the pine-woods 
has been excavated for rifle-targets at about 210 feet above O.D. 
Loamy sands, with seams of pipe-clay, are exposed here with a dip 
of nearly to the north, 

(7) A third of a mile to the west of the rifle-range on the north 
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tJpwick^s Ijtijl a day-bed with interoalaied layers of green 
— is exposed in a elay-pit on the 250 feet co]itonr*litie« This 
8g^M6 in character with the bed No. 5 (fig» 2). Above it is a loamy 
bed stained greon, as the bed No. 4 is occasionally, where, when 
the contour of the country was somewhat difierent, it may have 
underlain for a long time a marshy deposit. Some 20 or 30 feet 
below this, a light-coloured clay, which resembles very closely the 
lower clay of the Middle Division (Nos. 9 and 10), is extensively 
worked for bricks in Mr. Walter's brickyards. This I am now 
disposed (after examining the evidence more closely) to regard as 
belonging to that horizon, even though the sandy beds exposed 
immediately above it in tho same section are not green, the green 
colour having been probably changed to a rusty brown by recent 
oxidation. 

8. jRoadseciion north of Wellinfjion CoUufe . — The new 

road to AVokingham crosses hero the same line of valley (7) as that 
which the railway crosses north of the station. 

The slight anticlinal arrangement of the Aliddlo Hagshot beds 
(Nos. 4, 5, 7, hgs. 1 and 2) is shown here more plainly. The over- 
lying pebble-bed (No. 3) is found on botli sides of the valley, and 
the bods Nos. 4 and 5 are well exposed in the road-cuttings on 
either side. The clay-bed (No. 9) npjicars low down (he valley and 
is seen by the side of the ditch. Halfway lictwcen these two sec- 
tions the bed No. o was worked near Clark ‘s cottage for bricks about 
fifteen years ago. 

9. Wokioffhain , — On the map this town is represented as lying on 
an outlier of Lower JSagshot hand 4). This, however, admits of 
question, since the sands, wherever exposed or ))cnetrutctl in the 
numerous wells (from 20 to 30 feet deep) in the town, are hufi-}cllow 
sandb like those of the UpjxT Division. There is a section exposed on 
the South-western Kailway, where the footimtli cross(*s the lino be- 
tween the town and Tangle} s. The beds exposid lierc consiNt of sand 
and light loam with tliin layers of lape-clay, and are more like the 
bed at the top of the Aliddlc Division (No. 4, fig. 2) cxjKiscd in the 
railway-section at AVellington-College station, than anything else 
with which I am ac(iuainted in the Kagshot St'ries. The height 
here is 200 feet, and the London Clay is met with about 4 feet 
below the line, while a little further down tlie valley to the west 
the Wokingham Town well* commences in the Jxuidoii Clay itself. 
TTie beds exposed in this cutting are horizontal in an cast -and- west 
direction ; but from the absence of good exj)osures on the northern 
slope of the cutting, it is impossible to say if there is any dip in a 
north-and-fiouth direction. One or two thin lines of pebbles occur 
in this section, and upon the sands just described a bed of pebbles 
(cut through in places by later drift) is to be seen. Not far from 
this cutting the London Clay is worked iu Mr. Churchman's brick- 
yard, and there the buff- yellow sands of the hill-cap are seen filling 
the hollows of the eroded surface of the London Clay, 

* Deicribed by Prof. T. Rupert Jones, F.B.S., in tho Geol. Mag. dec. ii. 
vol. vii. p. 421, &c. 
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At St. PauFs rectory two wells were dog a fbw years ago by my 
fnexid the Bev, J. T. Brown, Commencing at about the same level 
with both wells, which are only a few yards distant from one 
another, in one well 25 feet of buff-yellow sand was passed through, 
and then a copious supply of good water was obtained at the top of 
the London Clay ; in the other a mere layer of yellow sand was 
passed through, when the “ blue day ” was pierced and penetrated 
to a depth of 135 feet. This fact seems to admit of no other 
explanation than pronounced erosion of the London-Clay surface 
beneath the Bagshot Sands of the Wokingham outUer. 

Just north of Wokingham station there is another exposure of 
Bagshot Sands, which agree in character with the loamy sands of 
the bed No. 4 of figs. 1 and 2, to which reference has been so often 
made. The sands are exposed just below St. Paul’s church. Im- 
mediately to the north of the bridge over the railway, the London 
Clay with septarian nodules comes in at the bottom of the cutting, 
and rises as we advance northward along the cutting until the 
overlying sands disappear. Yet the stratification of both the Bag- 
shot Sands and the London Clay is horizontal^ as proved for the 
former in the section below the church, for the latter in Mr. Phillips’s 
brickyard just below. Here, then, wo have a case of the Bagshot 
Sands (whatever particular horizon they may occupy in the Bagshot 
Series) deposited against a denuded shelving shore of the London 
Clay, unless we assume the presence of a fault hading at a very low 
angle. This is more clearly expressed in the adjoining diagram 
(fig- 4). 

Fig. 4. — Section in Gutting north of Wolingliam Station, 

S. N. 



10. BracJcnell. — Bracknell station (on the South-western Railway) 
is 250 feet above O.D. level. In the long cutting cast of this station 
beds of the Middle and Upper Bagshot Sands are exposed. 

ft. 

d. Buff-yellow sands 10-1.5 

c. Bed of flint pebbles imbedded in sand 1 

b. Yellow loamy sand 0 

a. Dark black and green clay (exposed) 4 

The lowest bed (a) here exposed gave much trouble in making 
the cutting. Being water-logged, it caused numerous ‘‘ slips,” so 
that rushes had to be planted along the bottoms of the cutting- 
slopes to give them security. The altitude of the pebble-bed at 
this spot is 260 feet, which agrees with the altitude of a massive 
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pobUe^bad at Easthampatead oborch, about a mile to the south, 
and with that of the pebble-^bed of the sectious already described 
at Wdliugtou-College station and at Camberley, as well as with that 
of the pebble-bed at the top of the Middle Bagshots exposed in the 
cuttings on the new line between Ascot and Bagshot 

At the top of the Bracknell cutting flint-pebbles come in again • 
in great force, the original bed haTing been, it would appear, 
reconstructed. I saw them again in great quantity, without 
observing a single angular fragment of flint among thorn, in a garden 
close by Bracknell church ; and at Wick Hill, half a mile further to 
the north, they are seen lying upon yellow loamy sand, and filling 
up the hollows of its eroded surface to a depth of three feet, at an 
altitude of about 285 feet. 1 could find no evidence to indicate a 
southward dip in the strata hereabouts, and there is certainly none 
in the railway-cutting, ^loreover, on the slope of Wick Hill a 
feebler pcbble-bed is expostul in the ditch, a few feet only above the 
London Clay, agreeing in cliaractcr and position with that exjwsed 
in the rail way- cutting (r). There are elcarh', therefore, two poblde- 
beds at Bracknell. That we liave p»od reiison for regarding them both 
as^belonging to the Upper Division of the Bagshot 8cri(‘s, I think I 
may claim to have show n, though these Bracknell beds are mapped 
as Lower Bagshot (i. 4). 

(j r.NKUiL CuNCLrsIOKS. 

By the evidence given in the ])re(‘eding sections, 1 think some 
new light is thrown upon the jdnsical hi^tory of the Bagshot strata 
of the Tendon Basin, 

1, We have succeeded in tracing ]>relty clearly the horizon of the 
Middle Bagshot strata and the base of the rj)per Bagshot across 
nearly the whole of the connlry from Aldershot to Wokingham, a 
distance of about IB mile«. 

2. While in the deep-well sections the order of suj)erposition is 
clear, and the Ix)wer Bagshot Sands of those sectious are charac- 
terized by the great predominance of green sand, or sand coloured 
by amorphous matter of vegetabh* oriijin, wc fail to find such sands 
along the northern and southern margins of the area. 

3. A passage from LoTidf)n (‘lay into J^>wer Bagshot Sands seems 
pretty clear in the dee])-w(dl section at Wellington College, and may 
exist in the other deep-well sections ; luit in the sections described 
in this paper cm the north and south there appears to be no such 
passage. On the other hand, both on the northern and southern 
margins higher members of the series than the liowcr Bagshot are 
found lying in close pn dimity to the liOndon (‘lay, evidence of 
unconformity being furni'ilird in several of the sections. 

4, The Bagshot strata, a whole, do not lie in a synclinal curve, 
though a true synclinal arrangement prevails in the southern half 
of the region, which may perhaps be fitly termed the Farjiborough 
Syncline. 

* Vide Monckton, Quart. Journ. Geol. 8oc. loc. cit. 
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The base of the Upper Bagshot, for example, is found at the respeo* 
tive altitudes of 350 feet at Aldershot, about 130 feet at Pamborough 
and Mytchett, 250 to 260 feet at Camberley and about Welling- 
ton College, and again about 260 feet at Bracknell. There must 
therefore have been earth-movements accompanied by alterations of 
level since the Bagshot strata were deposited, as if caused by lateral 
pressure acting in a north-and-south direction. Such movements 
may have been synchronous with the greater movement which 
produced the Isle-of-Wight anticline, and placed the whole Bagshot 
Series at a high angle of inclination along the north side of its axis. 
In the greater elevation of the Bagshot horizons at Aldershot, 
there seems to bo some indication of an additional elevation of the 
line of the Hog’s Back, and therefore probably of the Wealden 
anticline, after the Bagshot Strata of the London Basin were 
deposited. 

5. The great thickness of the Lower Bagshot Sands in the deep- 
well sections, taken together with their passage downwards into 
the London Clay, their diminution in thickness southwards, and 
the apparent absence of them, in the sections described, along the 
northern and southern margins of the district, are good reasons 
for believing that previous to the deposition of the Lower Bagshot 
Strata the London Clay was thrown into a slight syncline, and 
suffered a considerable amount of denudation during Bagshot times, 
both on the northern and southern sides of the area ; a strong case 
for the overlap of the Ui)per Bagshot Sands seems thus to be made 
out. 

6. This last conclusion seems to be borne out by a comparison of 
some ascertained thicknesses of the London Clay itself. 

(а) At W^okingham this has lately been proved to be only about 
270 feet. In the well for the Wokingham District waterworks, of 
which a complete section has been recorded by Prof, llupert Jones 
the boring commenced in the Loudon Clay and passed through 
263 feet of that formation ; and the Bagshot Sands rest upon the 
London Clay near by, at a level only a few feet above the mouth of 
the well. 

(б) In the Wellington-College well, the Chalk is said to havo 
been reached at about 650 feet. Deducting from this rather more 
than 200 feet of Bagshot Strata (cf. fig. 1), we have over 400 feet 
for the vertical range of the London Clay and the Beading beds. 

(c) Quite recently the Chalk has been reached at Brookwood, as 
I am informed by Mr. Thomas Tilly, of 15 Walbrook, at a depth of 
640 feet from the surface. This gives us over 400 feet for the 
thickness of the London Clay at this spot. 

(c?) At Aldershot the thickness of the London Clay was proved a 
few years ago, in the Aldershot town well, to be 120 feet. The 
mouth of this well, which begins in London Clay, is 250 feet above 
O.D. level, and the Bagshot Sands are seen resting upon the London 
Cloy at a level not much more than 50 feet higher, so that the thick- 
* Qeol. Mag. dec. ii. vol Tii. p. 421 
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mM iat tbe London day beneath Aldershot may be estimated at loss 
liiMSOO feet 

7« A comparison of the seotionB described in this paper shows 
that at one horizon (the base of the Lower Bagshots) the beds of 
flint pebbles are far more widely distributed than at any other 
homon. Whether these pebbles are fragments of flint worn by 
the rolling of a tidal surf and derived immediately from the denuda- 
tion of the Chalk, or were flrst imbedded in the Beading beds and 
the basement-bed of the London Clay, and supplied to the Bagshot 
Strata by the denudation of those portions of the Lower London 
Tertiaries which became more generally exposed to denuding agencies 
at the incoming of the period marked by the Upper Bagshot Sands, 
the Bagshot sea must in cither case have had access to older for- 
mations ; and this could hardly happen without unconformity 
I attach great weight to the evidence afforded by the wide range of 
the pebble-bed at the base of the Upper Bagshot Sands, as showing 
at that stage a much greater extension of the area occuj)icd by 
marine waters, and the consequent overlap of the Upper Sands ; and 
this is borne out by the numerous casts of diminutive forms of a 
saltwater fauna t (such as we should find in a shallow sandy estuary 
open to the sea) which are met with in tlio buff-} ello>v sands of the 
Upper Bagshot, at horizons not far above the pebble-bed at the base. 
This cumulative evidence seems to show’ that at the iiicomi?]g of 
Upper Bagshot times extensive denudation of the Kcfiding beds and 
the base of the London Clay was going on ; and this view’ is borne 
out by the appearance of mottled clays intercalated with the green 
sands at the foot of Ccesar s Camp near Aldershot, w'hich has been 
already mentioned. 

Further to the west, along the south side of the valley of the 
Kemiet, there is strong evidence of unconformity. Stetions are 
mentioned in the memoir J where loamy sands with overhing 
pebble-beds (which agree in character more with the upper bed of 
the Middle Bagshot and the overlying pcbble-bcd of the sections 
described in this paper than with an} thing we know of in beds of 
undoubted Low’cr Bagshot age) rest upon the l^ondon Clay within 
a few feet only of its basement-bed. In one section these loamy 
Bagshot Sands are said to rest immediately upon the London Clay 
basement-bed, and in another tp overlap even this and to rest 
immediately upon the Chalk. 

The difficulty in the way of the tbcor}’ suggested in this paper, 
arising from the presence of marine shells (e, g. at Yatele} ) in the 
Middle Bagshot beds, may be perhaps removed if w’e recollect that 
(1) they occur very locally; (2) they arc, as a rule, much broken, 
worn, and even comminuted ; (3) they appear to be confined to the 
coarser sediments of the Middle Bagshot beds. Such results might 

* This was pointed out by Mr. Whitaker when this paper was discussed at 
the Society’s Meeting. 

t Comp. Monckton, loc. ctf. 

J Geological Survey Memoirs, vol. iv. pp. 178, 179. 
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easily follow from occasional and local intrusions of tlie sea (perhaps 
at unusually high tides), owing to the shifting nature of the land- 
barriers which are formed and removed from time to time at the 
sea-margin of a del^. 


Discussioir. 

Prof. Pbbstwich, while admitting some of the facts recorded 
in the pai)er, could not agree with the Author in some of his con- 
clusions drawn from those facts. The variations in thickness of the 
London Clay were no proof of actual unconformity. His many deep- 
well sections were, he thought, of much interest. At the time he had 
himself studied the country, the district was a wilderness, and there 
was only one well-section into the Chalk in the district. He did 
not attach the same importance to the minute subdivision of the 
Ilagshot beds which the Author did. He did not think sufficient 
allowance had been made for local variations in the divisions of 
such bods as the Bagshot scries. 

Prof. liuPEKT Joj^ES thought, with the Author, that the 
pohhle-hcds marked the lapse of considerable intervals of time. 
He thought that tlie variations in the thickness of the London Clay 
were very interesting ; hut the persistence of the Woolwich Beds 
showed that the dexure of the strata took place after the deposition 
of the Bagshots. He had seen an apparent unconformity between 
the Bagshots and the London Clay at Bracknell. 

Mr. WuirAKEK stated that when tho geological map of the dis- 
trict was made by his colleagues very few sections existed. He 
thought that the ])ebble-beds were of importance, though not 
j)ersistent. Mr. Polwhcle trusted rather to the green bed than to 
the pohble-bcds as his guide in mapping the Middle Bagshot. The 
occurrence of pehble-beds composed entirely of Chalk-dints was a 
proof of the existence of an unconformity somewhere, as they 
showed that the sea of the period must have reached the Chalk. He 
had pointed out the likelihood of this having occurred in the far 
wx'st of the London Basin. 

Mr. Monc’ktox entirely disagreed with the interpretation of the 
seeiions by the Author. He regarded well-sections with the very 
greatest suspicion. He considered the green sand the type of the 
Middle Bagshot. He agreed with Mr. Whitaker that tho Author 
had confused pebble-beds on different horizons, some near the top 
of the Middle and others in the Lower Bagshots. He thought the 
sands and pehblo-beds of tho Lower Bagshot were always clearly 
distinguishable from those of the Upper Bagshot. 

The Authob admitted that pehble-beds alone did not define 
horizons, and he had not referred to them in this way except where 
the sequence of beds above and below them was undoubtedly clear. 
He had endeavoured in the paper to explain tho remarkable persist- 
ence of that which occurs at the base of the Upper Bagshot sands, 
Q.J,G.S. No. 163. 2 b 
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and ^ 0Emditioii8 indicated by it and its position. The pmions 
apoilom bad overlooked the fact that the Lower Sands^ when near 
eiir&cey were only the dirty green sands of the deeper well<- 
eeetions, cleaned fh>m oarbonaoeons matter by the action of oxygen- 
ated water, delta-conditions diaracterizing both the Middle and 
Lower series. The horizon of the pebble-beds at Bracknell was 
very dear, the evidence of this being given in the paper. In the 
section near Ash mentioned by Mr. Monckton the northward dip 
of the Lower Bagshots corresponded with the northern dip of the 
small anticlinal at Aldershot; and a comparison of the two sections 
seemed to afford further proof of the pre-Bagshot erosion of the 
London day. He regarded the whole evidence as pointing to tho 
partial formation of the present London-Clay syndinc and to 
considerable denudation before the deposition of tho Bagshot beds. 
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37. On the so--eaUed Diobitb of Little Knott (Cbmberlani)), with 
further remarhs on the Occurrence of Picritbs in Wales. By 
Professor T. G. Bonnet, D.Sc., LL.D., F.R.S., Pres. G.S., 
Fellow of St. Johii^s College, Cambridge. (Read May 27, 
1885.) 

[Plate XVI.] 

In my second note * on the bomblende-picrite bonlders which are 
scattered over the neighbourhood of Ty Crocs, Anglesey, I 'briefly 
noticed a similar rock which occurs in situ at Little Knott in the 
Lake District, and has been described by the late Mr. Clifton Ward 
as an exceptional variety of diorite. In the spring of last year I 
was enabled to visit this district, and had the advantage of the com- 
pany of Mr. J. Postlethwaite of Keswick, whose local knowledge 
was of great assistance to me. Little Knott is a slight prominence or 
shoulder on the crest of Long Side, a spur from the main mass of 
Skiddaw, where tho former begins to fall more sharply down to the 
lowlands on the north. The picrite is represented on the six-inch 
map of the Geological Survey as an elongated dyke-like mass, running 
nearly E. and W. for about 050 yards, and generally about 40 yards 
wide, the outcrop of which extends from Little Knott across a ravine 
to a point at about the same elevation on the opposite ridge. The 
boundary, however, is inferential in a part of this area, as the rock 
is by 110 means continuously exposed, no small portion being covered 
with turf. 

Long Side consists of Skiddaw Slate ; at one locality on its western 
slope Graptolites are not rare, and here Mr. Postlethwaite on the 
occasion of our visit discovered a Lingula, At Little Knott itself the 
picrite mass, being about its usual width, is bounded on either side 
by a low outcrop of indurated Skiddaw Slate. From this part of the 
crest the picrite can be traced eastwards down tho steep slope ; an 
irregularly projecting mass, traversed by occasional joints, and thus 
divided into large blocks, giving to the greater prominences quite a 
grandiose aspect. It follows tho line of a slight depression and is 
^timately covered up by the turf, Tho burn at the bottom of the 
glen runs over a mass of boulders. On the opposite hillside no 
rock was visible above the turf until wo reached about the level of 
Little Knott, where, on the brow of the ridge, is a group of huge 
blocks. I could not satisfy mysolf that any of these were certainly 
in sita^ though the live rock must be close at hand. Mr. W ard, 1 find, 
regarded them as boulders. The largest block is about 18 feet long, 
8 feet wide, and 7 feet high : it rests on Skiddaw Slate, which has a 
baked aspect and appears to bo in situ, A short distance to the 
south, among indurated Skiddaw Slate, is an outcrop which Mr. Ward 

* Quart. Journ. Geol. Soc. vol. xxxix. p. 254. I may take this opportunity 
of correcting a misprint : on p, 255, line 8, for milkg read silkg, 

CI.J.G.S. No. 164. 2o 
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dOiiMcts 'with the mass on Little Knott This very probably is eor- 
f6ct, but the rock appeared to me limited in area. It is fine-grained 
and not at all characteristic. It is, however, possible that I may 
have overlooked some small conne<^ng outcrops lower down the 
hillside. 

The rock, as seems not seldom to be the case with picrites and 
the more basic olivine-diabases, varies greatly in character. At the 
first outcrop on Little Knott the dominant rock (No. I.) is fine- 
grained, not porphyritic, and not at all like that of the Anglesey 
Mulders, resembling a dioritic rock rich in hornblende and poor in 
felspar. There is also, near the western end of the area, on its 
northern side, an outcrop of rock (presumably connected with the 
main mass and close to the altered Skiddaw Slate) which is very com- 
pact, of a dull grey colour, more like a fehtone. Then a short distance 
further east, the ordinary, rather fine-grained, dull green variety 
(No. II.) passes gradually in the space of about a j ard into a mottled 
pinkish-grey and dull green rock, like an ordiiian’ syenite or diorite 
(No. III.). Further down the eastern slope of the hill, about the central 
part of the cx])osure, the rock becomes coarser, cr\ stals of hornblende 
about *2 to '3 inch across, with the characteristic dull green sorpen- 
tinous enclosures, being abundant (No. IV.). Here and there the rock 
becomes still coarser, the hornblende crystals being *4 or perhaps even 
•o inch across, but I did not find an'v larger than this (No. V.). In 
one part the bigger crystals arc rather crowded together and tend 
to occur in vein like bands. The coarser varieties much resemble 
the rock of the Anglesey boulders, in-v^hich, however, the hornblende 
crj’btals are often slightly larger. The rock of the boulders on the 
crest of the ojipositc (eastern) ridge corresponds with the medium 
variety (No. IV,). 

I have had slides prepared for microscopic examination from each 
of the above-mentioned vaneties of the Little-Knoti rock. 

No. I. A granular rock, composed of dark hornblende with grains 
of a paler green mineral ; the former about *1 inch in diameter. 
The following minerals are visible under the microscope ; — (1) horn- 
blende, mostly in irregularly formed crystals interrupted b> some- 
what rounded enclosures. Colour generally a rich brown, strongly 
dichroic. Cleavage well-marked. This passes sometimos rather 
abruptly, os described on a former occasion, into a pale green rather 
fibrous variety, smaller flakes of which are scattered about the slide. 
The enclosures, above described, are mostly occupied by secondary 
products, in some oases serpontinous, hut occasionally a crystal of 
felspar is included. In the slide, intercrystallized with the smaller 
and more altered hornblende, is a fair amount of felspar, which is 
a good deal decomposed, so that it is difficult to identify tho species. 
It is, however, one of the plagioclastic group. There is a small 
quantity of a mineral, mentioned in my former paper which re- 
sembles an altered enstatite. Granules of iron peroxide, some epi- 
dote, a little apatite (?), and quartz, probably secondary, with calcite, 
and other alteration-products are present, 

* Quart. Joum. GeoL Soc. vol. xxxix. p. 269. 
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Ko. II. Blightly more compact than the last described^ with a 
sharper and smoother fracture. Under the microscope^ the hornblende 
is seen to be slightly less abundant, rather more reg^ar in external 
form and less frequently interrupted by enclosures. These, as 
well as some patches in the body of the slide, are occupied by a pale 
green viridite and irregular granules of a colourless miner^ which 
may be dolomite. Felspar Uke that in the former slide, but rather 
more abundant, and accessory minerals occur as before. 

No. III. (Half a yard from last specimen.) A mottled dark green 
and pale pinkish grey rock, looking slightly coarser than the last. 
Under the microscope the difference is not very material, except that 
there is more fel8i)ar, this now being the dominant mineral. The 
felsi>ar is a little better preserved, and appears to be mainly plagio- 
clastic. The extinction-angles are rather small, as if it were one of 
the varieties rich in silica. There is also a fair amount of quartz 
scattered about the slide. The rock, in short, is an ordinary diorite 
of fairly characteristic ophitic structure. 

No. lY. Hornblende cr 3 'stals, about '3 in. in diameter, abundant ; 
very rough fracture. Except for the greater size of many of the 
hornblende crystals and the decided predominance of that mineral, 
tlie description of No. I. will apply. The bastite-like mineral occurs 
associated witli a granular, colourless mineral, probably of secondary 
origin, >vhich I cannot name. 

No. V. A still coarser rock than the last; hornblende crystals 
sometimes fully *5 inch across and more conspicuously interrupted. 
Making allowance for this, the microscopic structure is not materially 
different from that of the last-named specimen. The sudden transi- 
tion in the same crystal from the very dark brown to the almost 
colourless and rather fibrous hornblende happens to be particularly 
well exhibited (Plate XYI. fig. 2). There is also rather more calcite 
in this slide than in the others. 

The isolated outcrop, mentioned above as probably connected with 
the main mass of picrite, is a grepsh rock containing, in a rather com- 
pact base, small scattered whitish crystals. Under the microscope, 
it is seen to be holociystalline, consisting mainly of very decomposed 
felspar, from which all distinctive characters have disappeared, and a 
much altered hornblende, now to a large extent replaced hy an earthy- 
looking material almost opaque to transmitted fight, and appearing 
of a pale grey colour with reflected light, something like leucoxene. 
There are some scattered granules of quartz, grains of iron peroxide, 
possibly ilmenite, some calcite, and a good many bolonites of a nearly 
colourless mineral, which is frequent in diabases, and I think is some- 
times described as apatite. 

A specimen of the altered Skiddaw 81ate, taken from about one 
foot distant from a junction with rock like No. I., is a hard compact 
brownish grey rock. Under the microscope it is seen to consist of very 
minute and ill-defined granules of quartz, associated with an abun- 
dant, colourless, fibrous, micaceous mineral, and with earthy grannies. 
There is a fair amount of a brownish fibrous mica ; ferrite, micaceous 
minerals, &o., are sometimes aggregated in clustered patches, as 

2o2 
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loay often be seen in Tarions spotted schists.’’ Specks of a kaolinizcd 
mineral aare also present. 

About 500 ya]^ to the south, another but smaller dyke-like mass 
<rf dioritic rock cuts the ridge of Long Side ; beyond it is one yet 
smaller, and oval in shape, and then come three narrow dykes. I 
visited the second of these ; it is an ordinary “ greenstone ” — 
probably a homblendic diabase — ^rather decomposed. As I did not 
observe any boulders of the more characteristic picrite scattered 
above the line of the Little-Knott exposure, I deemed it needless to 
hunt out the remaining outcrops. 

One point in regard to the boulders from Little Knott is, I think, 
worthy of notice as bearing on questions other than petrographical. 
The bum in the ravine below flows over a boulder deposit. This 
appears to he of some thickness and extends down the glen for a con- 
siderable distance like a scattered or trailing ’’ terminal moraine. 
I followed it for about 300 yards. It scorned to be comi>oscd almost 
wholly of picritc boulders, 3, 4, or even 5 feet in longest diameter. 
If then the whole mass corresponds in composition uith the part 
which I saw, the united boulders would form a large mass of picritc^ 
rock. Besides this a rather high wall, enclosing a large fi(‘ld on the 
spur op])Osite to Little Knott, is almost wholly made up of fragments 
of the same rock. I think it m) exaggeration to sa\ that if all 
these erratics were replaced on the area mapped as occupied In 
picrite, they would form a conspicuous ridg('. In considering the 
possibility of Little Knott being the source of the Anglcsej boulders, 
the smallness of the exposure had always seemed to me a great 
difficulty, as they arc comjiarativoly common in that island. This 
diflleulty. however, apjiears of much less account when we view the 
scattered boulders in the immediate vicinitj 

This mode of occurrence of the bouldtTs suggests another con- 
sideration. The mass of boulders in the lowoi* part of tho glen has 
ever}’ appearance of a morainic dc])osif ; but the liighest point at 
which picrite is exposed cannot, I think, be more than foot 
above the bed of tho stream t, and a considerable ])art of the ridge 
must have been uncovered in order to aUow of so great an accumu- 
lation of fragments. Heiue the glacier can never have been veiy’ 
thick, say not more than 100 feet as a maximum, when it distributed 
the boulders. As they commence in force immediately lielow' the 
line of outcrop, it must during the latter part of the time have been 
very much thinner. It was therefore a local glacier originating 
under the upper cliffs of Skiddaw and occui)ying the above-mentioned 
glen. It follows then that if boulders have been tranBj)orted from 
little Knott, at any rate to the Flintshire corist J, so as to occur 
in the drift, the only poisihlc explanation is, that the glacier ter- 
minated in the sea and the boulders were conveyed by floating ico. 

* I belieTe there is tho same apparent disproport ion between the outcrop of 
minctle on Sale Fell and the boulders distributwi thereupon. 

t Little Knott itself is bf‘tween the eonlour lines of ](KK) feet and 1250 feet, 
probably about 1150 fc*et ; the dyle in the bed of the glen is on tho 9(X) feet line, 

f As stated by Mr. De Eance) Quart. Journ, Geol. Soc. toI. xxxix. p. 
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Further, the glacier above described belongs either to the earlier 
period of greatest glaciation or to the later or valley glacier ” period. 
If to the former, then all theories of vast ice-sheets melt away ; if 
to the latter, we must suppose either that the interval between the 
two periods was long enough to allow of the accumulation of the 
nee^ul store of picrite boulders on the flanks of the glen for 
transportation by the growi^ glacier of the later period, or that the 
erosive power of glacier ice is so slight that the shattered ridges of 
picrite were not materially diminished even in the period of ice- 
sheets, and that these preserved, without plundering, the stores 
accumulated in preceding geological periods. 

I deem it needless to prove that those boulders have been trans- 
ported on and not below the glacier, because the latter mode of 
transport, at best a rather hypothetical one, appeared to me 
irreconcilable with the evidence to be obtained on the ground. Hence 
I regard the district of Little Knott as bearing testimony adverse to 
the extreme theories of “ ice, its extent and work,” of which during 
the last twenty years we have heard so much. 

Horahlende-Plcrites of Anglesey and Caernarvonshire, 

In the matter of the Anglesey picrites, I have obtained some 
further information. In 1883 during an afternoon’s walk in the 
district between Ty Crocs and the sea, I observed whole or broken 
boulders, not less than five in number, of which some details are 
given in the report of the Erratic Blocks Committee of the British 
Association * ; but I felt some doubt as to the correctness of my 
identification of the rock in the supports of the Cromlech Barclodiad- 
y-gawras. (It will be remembered that here only the weathered 
surfaces of the stones can be examined.) But I have received from 
Prof. Hughes a supply of specimens from two masses of very similar 
rock which ho has discovered in situ in Anglesey. As my engagements 
during the last eighteen months have made it impossible for me to 
visit that island, I am indebted to his kindness for the following 
information. The one rock occurs at Cacmawr near Llanorchymedd, 
the other at Pengorphwysfa, mile E.S.E, of Amlwch, both 
localities lying much in the same lino, rather to the N. of K.E. of 
the district over which the boulders are scattered. 

Prof. Hughes thus writes : — “ With regard to the mode of occurrence 
of the Caemawr dykes, from which, I think, most of the boulders of 
Central Anglesey are derived, there is not much to say. They are 
a group of dykes of various composition and texture, occurring in 
the Arenig series a little below the zone of Didymograptus Murchisoni, 
Their trend, as seen on the surface, is approximately with the strike 
of the rocks, but I have not ascertained whether or not they 
generally coincide with the bedding for any distance. There are 
differences of texture between neighbouring dykes, and still greater 
differences, sometimes, between adjoining parts of the same dyke. 
The very light-coloured more coarsely crystalline specimen (see 

* Volume for 1883 (Southport), p. 146. 
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beloir 6) is from a portion of one of the most sonthei ly dykes, which, 
in the rest of the mass, is of the nsualdark green blotched colour (a). 
*niere is no sharp line between the two, but the light rock shades 
vapidly into the other as if it represented a difference in the 
material ‘boiled up/ a defect in the mixing, a local accident 
affecting the cooling and crystallization or subsequent superinduced 
alteration, but not a later-intruded dyke. The Pengorphwysfa boss 
is a similar but larger mass, and shows the same but less marked and 
rapid variations. The boulders from Caemawr are found trailed to 
the south for miles. I was not looking out for them, but n]y 
impression is that they came to hand right up to Pen-y-Carnisiog 
and beyond/’ — T.M‘K.II. 

The specimens from the Pengorphwysfa boss vary from an ordinary 
comi>act “ greenstone ” to a moderately coarse rock consisting of 
hornblende crystals from *2 to *3 inch wide, and a greenish grey 
mineral. Under the microsco|) 0 , hornblende is seen to be very 
abundant. There are, as above, brown crystals passing info grc^en 
and containing serpontinous enclosures, with numerous smaller 
crystals and fibrous flakes thickly scattered over the slide and 
giving brilliant colours with polarized light : interspersed with the 
smaller of these is some felspar in small grains of irregular form 
and indefinite character, not indicating an ophitic structure, and 
decidedly less abundant than in the Little-Knott rock. Certain 
of the serpentinous grains with reticulate minute belonite*^ ^uggi^t 
the former presence of enstatite lather than of olivine There are 
some grains of iron peroxide ( ? hjematitt*), and perliajH a little 
apatite. 

A second slide, cut from a slightly mon* mottled ‘specimen, 
contains a rather larger (piantity of a decomposed plagioclaslic 
felspar. 

One variety (a) of the rock from the southern dyke at ('acmawr 
is raacroseopically much like the last described, but on micr()8eo])ic 
examination it presents this diflerence, that very little feK])ar can 
be detected; there is a fair amount of a pale yellowisli seipentiiious 
mineral, or rather of aggregatc'd groups of small serpeniiaous mine- 
rals, which have most probabl} replaced olivine, or, ])erhaps in one or 
two cases, enstatite. Another peculiarity is that there are a fair 
number of crystalline grains of a mineral witli its oxtcnial angles 
not very well defined, often occurring in small grouiis. It is clear 
and almost colourless, though its cleavage and otlier cracks arc often 
much stained, apparentl} by the formation of a brown decomiiosition- 
product (Plate XVl. fig. 1). It is one of the pale-coloured augites t. 

Another specimen (/j) from this dyke exhibits a variation as 
marked as any described in the Little-Knott rock, being a mottled 
dull green and whitish rock, a fairly typical specimen of the horn- 
blendic gabbros frequent in North Wales. Under the niicroscojie, 
felspar is seen to predominate, the crystals var} ing in size, so that 
the structure might be called porphyritie. Most of it is plagioclase, 

* This is well seen in a slide lent to me by Prof. Hughes. 

t A slide lent to me by Prof. Hughes oonfirios the above description. 
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probably labradorite. The pyroxenic constituent is much altered 
and is replaced by secondary microlithic products mostly of a horn- 
blendic ^aracter. Besides the usual decomposed granules of iron 
peroxide, there is a fair amount of well-marked apatite, which ia 
wanting in the other slides. No one would imagine that these 
specimens could haye come from one and the same dyke. 

I have to thank Prof. Hughes also for allowing me to re-examine 
specimens collected by the late Prof. Sedgwick and Mr. Tawney, 
now in the Woodwardian Museum, one of which is noticed briefly 
in my first paper *. It is now evident to me that in all probability 
the true picrite collected by Prof. Sedgwick from Penarfynydd TAber- 
daron) forms a part of the olivine-diabase described by Mr. Tawney. 
In all the specimens there is the same characteristic of frir-sized horn- 
blende crystals interrupted by serpentinous enclosures, so that we may 
regard tins as another outcrop of a similar picrite. This also appears 
to exhibit the usual variability in mineral composition. Another 
series of specimens come from the neighbourhood of Clynnog, the 
the most characteristic being from a boulder under Gym Goch ; but 
a similar rock occurs in situ at Pen-y-rhiwan (Coll. Tawney) t. 
These rocks are very similar to the picrites which I have been 
describing. I doubt whether there has been so much felspar as the 
authors of the earlier description supposed. 

The variability of the mineral composition of the rocks described 
above is singular, but perhaps does not indicate quite so great a 
diversity of chemical composition as at first sight would appear. 
Looking at the table of analyses given in my last paper, we seo that 
not seldom 1 per cent, of soda is present +. If this were employed 
in the composition of a felspar like labradorite Si02=52'0, 
Al2()g=3()-3, CaO=12v3, Nap=4*5, the following constituents 
would be required to make up the felspar : — 

SiO,=:lL7 
A 1 , 03 = 6-7 
CaO= 2-7 
Na,0= 1-0 


221 

or more than one fifth of the whole would be felspar. Besides soda 
there is often a little potash. Now as the amount of felspar in 
all of these picrites which I have examined is nothing like one fifth 
of the whole mass, it follows that not only the potash must enter 
into the composition of other minerals {e. g. a mica, often present ) 
but also that some of the soda must be so emjdoyed. further if all 
the soda in the specimen analyzed by Mr. Phillips went to form felspar, 
only about 6 parts of alumina would be required ; yet the rock contains 

* Quart. Journ. Geol. Soc. vol. xxxvii. p. 139: for full description see Geoh 
Mag. Dec. 2, vol. vii. p. 208. 

1 For description see Geol. Mag, Dec. 2, vol. vii. p. 467. 

f In the Anglesey specimen analyzed by Mr. J. A. PbillipB there is (mean), 
N a^O = ’915, KjO = T26. Total of alkalies » 1 *01. 
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about 10*9. Thus there is 4*5 at least to spnrc, more than is 
wanted for a mica. Hence in the one case \m‘ may have, for 
instance, a rock composed of more than one varie ty of hornblende 
(pargasite, arfvedsonite &c.), a potash-iron mica, olivino or enstatile*, 
and a little felspar ; in the other case, if non-aluniinous and non- 
alkaline hornblende were formed, we might have more than half of 
the rock composed of felspar Thus although there is probably 
some variation of chemical composition, tlie great difference in the 
component minerals may bo quite as much due in some cases to a 
difference of circumstances. 

I have carefully revised all my collection of slides in the hope of 
discovering characteristics ivhich might help in the identification of 
the boulders, but, as might be expected in the case of rocks which 
exhibit so much variability (due no doubt in part to their coarseness), 
I have not met with much success. 

I do not find any distinct traces of enstatite in slides cut from 
boulders from Pen-y-Camisiog, Peny-y-enwe, the gate-post, or the 
road-side near Ty Croes, but in ea(‘h, a colourless augite is more or 
less distinct. This mineral is not present in the boulder on the 
shore at Porthnobla. but it contains a mineral like onstatite. Qlie 
Pongorphwysfa rock exhibits tlie augite and some enstatite ; that 
from Caeraawr, augite and perhaps enstatite. In the Little-Knott 
slides I find enstatite, hut have not certainly idcntifie<l augite ; here, 
however, it is generally not difficult to detect some felspar. This 
accords with the result of the partial aii/ilyses quoted in my last 
paper, so that it is a less typical picrite than the rock of the \V(‘lsh 
boulders. Thus the lithological evidence rather favours the deriva- 
tion of the -Vnglesey boulders from d}kes in that island, and this 
appears from the evidence supplied hy Prof. Hughes to he most 
probably correct. 

The specimens sent to me from Caemawr and Pongojqffiwysfa are, 
indeed, not so coarsel} crystalline as s()m(‘ of the boulders. This 
predominance of coarse varieties in the boulders (true also of the 
Little-Knott rock) may be an instance of a sundval of the fittest; for 
I noticed at Schriesheim (and 1 have seen it else whore in doloritic 
rocks) that the most coarsely crystalline parts had a nodular habit, 
and were often well preserved, when the more fine-grained parts 
immediate!}' around them were decomposed t. 

Ilorribl end e- Picrite Boulder near St, Bavidj^. 

Not long after the reading of my last paper Dr. II. Hicks informed 
me that he had recently discovered a boulder of hornblonde-picritc in 

* If the alkaline percentage were 2'.’» (and the joint amount is often quite 
that), then, assuming a felspar of the composition of labradorite, of the 
rock would be felspar. 

t But the Ilenslow collection contains specimens, labelled “ N. of Llanerchy- 
medd,** as coarse as any boulder which J have found. Whether these come 
from rock tn nifu or not, they bring this \arietv very close to Oaernawr. Mr, 
Harker also has sent me specimens of boulders from near Llanerchyrnedd quite 
typical of those which occur in the district south-west of Ty Croes. 
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the neighbourhood of St. Davids, and to him I am indebted for speci- 
mens and for the following note as to the locality. He says : — “ The 
boulder is somewhat rounded ; its longer axis, which lies nearly S.E. 
and N.W., measures about a yard. A transverse section is slightly 
triangular, the shorter sides measuring respectively about 16 in. and 
22 in. It lies on the promontory forming the east side of Porthlisky 
harbour *, resting immediately on Dimetian rock, surrounded by an 
uncultivated area overgrown by gorse and heather. The striae 
along this coast usually point from N.W. to S.E. ; but it is clear that 
very many of the boulders scattered over it must have come from 
the high land in the H.E. of Pembrokeshire, the Precelly range. 
There is ample evidence of local till, and in places (at considerable 
elevations) of marine sand with transported boulders, fragments of 
flint being common among them. 1 fancy this points to th^e derivar 
tion of some of the materials, including possibly certain boulders, 
from a N.W, source.” 

The surface of the boulder (which is overgrown with lichens) is 
rough and lumpy. A brown staining extends inward for less than 
•1 in. The rest of the rock is in good preservation and is wonder- 
fully like that of the Pen-y-Carnisiog boulder, looking perhaps even 
fresher and thus closer to the Schriesheim rock. The larger crystals 
of hornblende are sometimes quite | inch in diameter. As in 
the other cases the general colour is a dull somewhat mottled green, 
with a few whitish specks The hornblende crj^stals on a smooth- 
cut surface have a slightly metallic and silvery lustre. My previous 
papers render a minute description of the microscopic structure 
unnecessary, so, referring generally to them and especially to the 
account of the Pen-y-Carnisiog specimen, I will only call attention 
to one or two points of difference. There are a few grains of olivine 
fairly Avell preserved (Plate XYI. fig. 4). The larger hornblende crys- 
tals, in addition to the serpentinous enclosures, which in all proba- 
bility have replaced olivine, contain a fair number of crystalline grains 
of a colourless augite. This mineral also occurs in considerable 
(juantities in the slide, frequently with a tendency to grouping. 
There the crystals are sometimes set in a serpentinous ground-mass, 
and sometimes associated with a pale-coloured hornblende, and 
occasionally with grains of another variety of a serpentinous mineral 
which appears to bo subsequent in consolidation. This augite has 
been already noticed in my former papers ; but in the cases there 
described it was often not very definite in form or cleavage, and had 
a dusty look as if partially decomposed. Instances of the latter 
variety occur in these slides also ; but the majority of the crystals 
are beautifully clear, and are well defined, showing characteristic 
transverse and longitudinal sections and cleavage, and giving such 
dear brilliant colours with crossing nicols that at the first glance 
one might take them to be olivine. They appear to have a slightly 
granular, fibrous or silky structure (Plate XVI. fig. 6). They must, 

* Imniediately south-west of the letter S in the Survey map. 

t These appear to me to be too soft for felspar ; probably they are a steatitic 
mineral, like that which mottles certain serpentines. 
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I ifaiiik) be anterior in consolidation to the brown hornblende, as their 
isrjetais do not indicate definite orientation or any relation with it. 
Ste brown hornblende exhibits the usual transition to a pale green or 
oraieolourless yariety with a slight alteration in the extinction-angle. 
The serpentinous mineral in which some of these white augite crystals 
are imMded is very faintly tinged with yellowish green and h^ 
but a slight infiuence on polarized light, resembling a steatitio 
mineral. In other parts of the slide the colour is a little stronger, 
and the mineral gives brighter tints between crossed niools, showing 
the aggregate fibrous structure often seen in serpentines. The 
serpentinous grains mentioned above as also interspersed in this 
ground-mass, are rather irregular in form, though showing some 
tendency to rectilinear boundaries ; many of them exhibit one well- 
marked cleavage. They aic rather a stronger } ellowisli olive-green 
in colour, frequently crowded with dusty-looking granules containing 
occasional spooks of opacite and numerous minute belouitos *. With 
polarized light they exhibit u minutely fibrous, aggregate structure 
with fairly bright colours (Plate XVI. figs. .T, 4). 1 believe the 

mineral to be an altered enstatite. I have also noted one or two 
riakes of brown mica, more or less altered. 

In cuiiclusion T will venture a few remarks on the j)aragene8is of 
the minerals in this interesting group of rocks, including therewith 
the Sohriesheim rock and a picrite from (ii])j).sland ( Austialia). The 
latter has been described by me in the ‘ ^lineralogical Maga/.ine,* 
vol. vi. p. o4, and is niicroacopically eloseh allied to thorn e\c<‘pt 
that the hornblende is gr(‘en instead of brown ; in this also 
unaltered olivine still remains. I fear, however, that they will 
state difficulties rather than solve them. find olivirw) (or 

serpentinous pseudomorpbs of it) ineduded in browui and green 
hornblende and in brown mica, also in light-brown augite (if we 
include the Inchcolm picrite and that from llain). Olivine also is 
included in enstatite in certain serpentines. In other seri^entiues 
we have enstatite separately crystallized ; and in some of the above 
picrites serpentinous products which suggest the former presence of 
enstatite rather than of olivine occur in a similar manner. 

Now as regards the augite, there is, it appears to me, some reason 
to believe that w’e can have the following succession of alterations in 
the above group of rocks — light-brown augite, sometimes practically 
clear in thin sections ; clove-brown hornblende t ; green hornblende ; 
colourless, rather fibrous hornblende. In those changes the augite 
undergoes what I may call for distinction the “uralitic change,” 
because there is apparently no alteration in the outward form of the 
crystal. Another lino of change appears to be the formation of 
distinct crystals of green hornblende or of abundant microliths of 
actinolite. This we may term “ actinolitic change.” In some rocks 

* Like those described by me in the Porthnobla specimen, Quart. Journ. 
Geol. Soc. Tol. xxxix. p. 2.55. 

t If not there are %ery singular cases of intergrowtb of the pale augite tind 
the brown hornblende. 
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the augite appears to assume the form of diallage ^ before either 
uraiitic or actinolitic change. What then is the history of the 
perfectly clear, rather silky, well-defined augite crystals described 
above as included in brown and green hornblende and perhaps also in 
enstatite ? Are they parts of the originallight augite left unchanged? 
or are they secondary products ? or are they original enclosures ? 
Their definite crystalline form, whether within or without the horn- 
blende, their sharp demarcation from the strong-coloured hornblende, 
are unfavourable to the first or second supposition and favourable to 
the third (Plate XVI. figs. 4, 5, 6). But still their perfect preser- 
vation in rocks where the other constituents appear more or less 
altered is strange. Also what variety of augite are they ? Their 
general appearance suggests an augite allied to diopside, which, 
indeed, appears to be a rather stable mineral. At present I must 
content myself with stating the facts and the inferences to which 
they appear to lead, and must leave it to further work or other 
workers to resolve the difficulty. 

It results, however, that a group of rocks, characterized by the 
predominance of magnesian bisiheates and unisilicates, by the frequent 
enclosure of olivine, perhaps also of a magnesian bisilicate, in the 
larger augite or hornblende crystals, and by the infrequency of 
felspar, of which we may take the Schriesheim, Gippsland, and 
luchcolm picrites as characteristic types, besides that of Hain — rocks 
which, on the whole, exhibit a tendency to graduate into normal 
olivine-diabase rather than into true peridotites, though occasionally 
they come very near to the latter — occur not only in boulders, but 
also in situ at Little Knott, and at two localities both in Anglesey and 
in the Lloyn peninsula. Even if no others be found, which is very 
likely, at any rate in Bouth-west Wales (the more probable home of 
the St. Davids boulder), this is a fair list of localities for a rock the 
occurrence of which in England and Wales was only chronicled 
in 1881 . 

EXPLANATION OF PLATE XVI. 

Fig. 1. Group of crystalline grains, external form not generally perfect, of a 
pale-coloured augite, associated with a dark staining. (S. Dyke, 
(Jaemawr, page .51().) 

'2. Part of a slide of the Little-Knott rock, illustrating the rapid change 
(with crystalline continuity) from a dark brown hornblende to an 
almost colourless greenish slightly fibrous variety. (Slide No. V., 
page 513.) 

3. Grain of a serpen tinous mineral {a) showing one well-marked cleavage, 

and probably an altered enstatite, witli brown hornblende (d), au- 
gites &e. in a .sorpentinuus ground-mass (c). (Boulder, Portlilisky, 
page 519.) 

4. Grains of somewhat blackened olivine («) associated with grains of a 

yellowish serpentinous mineral {b) and colourless augite (c) in a 
ground-mass of similar minerals, hornblende, a little decomposed 
felspar, &c. (Boulder, Porthlisky, page 519.) 

5. Grains of two varieties of augite («, b) enclosed in a crystal of ^brown 

hornblende. (Boulder, Porthlisky, page 519.) 

6. Crystals of oolourless augite in a pale greenish serpentinous ground-mass. 

(Boulder, Porthlisky, page 519.) 

^ I have seen this also exhibit ** schillerization.’^ 
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Bibottssiok. 

Br. £vaks remarked on the interest attaching to the determi- 
nation of the locality and of the distribution of the specimens. 

Dr. A. Gkikie pointed out the remarkable changes in texture and 
composition in the rocks of this class within short distances. This 
is illustrated by the Inchcolm and Bathgate rocks and by certain 
intrusive rocks in the north of Ireland. 

Mr. Teall pointed out that the term picrite, first used by 
Tschermak, had been applied by later writers to rocks differing 
somewhat from the original tyjKj ; and also that Cohen, who applied 
the term to the Schrieshoim rock, under the mistaken idea that the 
dominant bisilicatc was diallage, now ^vished to withdraw this name 
from the rock iiltogether. 

Prof. Seeley stated that the specimens of the Honslow collection 
are all recorded, with full particulars eoiicerning them, in catalogues 
which are preserved in the VVood\i ardiaii Museum. 

Mr. Rutley thought that j>08sibly picrite M as an altered condition 
of basalt. He regarded the statenuuits made by the late Mr. Clifton 
Ward as very justifiable. 

Mr. Hrj»LE 5 r(jy was glad to learn that the rock which yielded the 
boulders of hornblende-picrite, first noticed ])y the President, had 
at length been discovered in Anglese\,so tliat North Wales was 
independent of the Lak(‘ District for its suj)ply. He asked for further 
information concerning the mode of iU occurrence in sita. 

Prof. Jui)D defeiidi'd the use of the term picrite, and thought that 
the Author, in giving the nann* of horn>)lende-])ierite to the rock he 
had been the first to define, was exercising a wise discretion. 

Mr. BiUERMAN thought that picrite, or names very similar to it, 
had been formerly applied to minerals. He did not think it wise to 
give similar names to minerals and rocks. 

Mr. Harker said that the two localities wliero the rock occurred in 
Anglesc} are both large d} kes intrusive in Areiiig rocks. In the Idoyn 
peninsula are large intrusive bosses. In all cases the rocks vary in 
texture and composition within verv^ short distances. The Henslow 
catalogue does not state whether the rocks wxtu collected ni situ or 
from boulders. 

Dr. Hicks thought the boulder at Ht. Davids must have been 
transported from a distance, though it is possible that the rock 
would be found in situ in North-cast Pembrokeshire. 

Prof. Bonkey said the name “ picrite ” was a w^oll-rccognized name 
for a rock, and he had emplo^^ed it as such. It was absurd to sug- 
gest that such a rock might be derived by decomposition from basalt, 
as it differed much both chemically and mineralogically. The rock 
was not, in any proper sense of the term, a decomposition-product at 
all, but rather a recomposition of another rock. Nothing he had said 
in his paj>er could possibly bo represented as reflecting on the late 
Mr. Clifton Ward, who had recognized the abnormal nature of the 
rock, and had done such excellent work in his day. 





oxr THE HBEP BOSllTO AT BTCHHOITD, 6UBBST. 


38. SirPPLBMENTABT NoTES 071 the BeEP BoEING at EiCHMONB, STTRKBr. 
By Prof. John W. Judd, F.E.S., Sec, G.8., and Collett Hombbt- 
SHAH, Esq., F.G.S. (Bead June 24, 1885.) 

At the time when our former communication to the Society was 
published (November 1884*), we were able to report that this very 
interesting well had, on the 15th of October, reached a depth of 
1409 feet. We now propose to chronicle the subsequent progress 
and termination of the undertaking, adding some new observations 
which have an important bearing upon the subjects discussed in that 
paper. 

Subsequently to the date mentioned, many very serious difficulties 
were unfortunately encountered in carrying on the work ; but, in 
spito of these disappointments, the Eichmond Yestry, acting under 
the advice of their engineer, Mr. S. C. Homersham, determined to 
persevere in their efforts so long as they felt justified in incurring 
the necessarily large outlay. After many vexatious accidents and 
consequent delays the work had, by the end of the year 1884, 
reached the depth of 1442 feet. At this point the Eichmond 
Vestry, to whose spirit of enterprise geologists are so greatly in- 
debted for the important evidence afforded by this undertaidng, 
decided that they could no longer incur the responsibility of further 
expenditure, and gave orders to stop the work. 

The work did not come to an end immediately, however ; for the 
contractors, Messrs. T. Boewra and Son, with great public spirit, 
offered to attempt to make further progress with the important 
undertaking at their own expense and risk. All their efforts, how- 
ever, succeeded only in deepening the well to the extent of 5 feet, 
and the boring was finally abandoned when it had reached the 
depth of 1447 feet. The well at the bottom has a diameter of 
nearly 8 inches, and the lowest cores brought up have a diameter 
of 4-^ inches. The well is lined to within 80 feet of the bottom. 

Unfortunately, no increased supply of water was obtained by the 
deepening of the well from 1409 to 1447 feet. 

It will thus be seen that the Eichmond well is actually deeper 
than any other well in the London basin by 145 feet; but if we 
reckon from the absolute level of the Ordnance datum line, it will 
be found to have reached a point 312 feet lower than that attained 
by any previous undertaking of the kind. 

Although it was found impracticable to plug the bore-hole at the 
extreme depth reached, for the purpose of temperature-observations, 
a thermometer supplied by the British-Association Committee on 
Underground Temperatures was let down to the bottom and kept 
there for six days. Boring operations had ceased eleven days pre- 
viously, and the temperature registered in this observation was 
76f° F. The temperature of the air during the time the thermo- 

* Quart. Joum. Geol. Soc. vol. xl. (1884) p. 724. 
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meter was kept down varied from 45® to 57® F., and that of the 
water overflowing at the surface was 59® F. 

Comparing the result thus obtained with that arrived at by the 
observations previously recorded at the depth of 1337 feet, we find 
that the increase in temperature for the last 110 feet is only 1 J® F., 
or at the rate of 1® F. for 88 feet. With an assumed surface- 
temperature of 50® F., the average increase for the whole depth of 
the well would amount to F' F. for 54*09 feet of descent, the result 
previously obtained being 1® F. for 52*43 feet of descent. 

The additional 38 feet of strata sunk through all evidently belong 
to the same series of beds, variegated sandstones and marls, which 
had been penetrated previously to the depth of 170 feet. The de- 
tails of the strata passed through in the last 38 feet were as follows : — 
The beds (18)* “soft red and white sandstones, finely laminated in 
places,” had a total depth of about 32 feet ; then succeeded — 


ft. in. 

19. Mottled sandstones, hecoininpr intensely hard at their base 4 0 

20. Softer mottled sandstone with “ohu -galls’* <1 0 

21. Finely -laminated soft mottled sandstones 12 0 

22. Very hard red aaud&tones, the joint -planes coated with green 

incrustations 1 3 

23. Soft green slialy rock 0 9 

24. Hard red sandstone, like 22 1 3 

2»'). Dark-red sandstone, softer 1 9 

26. Very fine-grained rod sandstone 1 0 

27. Very hard red s^mdhtone, which had to be ground away, and 

Could not be brought to surface in eon‘8 4 0 

2^^. Hard white fine-iyriined gjindstone, with no lamination, but 

exliibiting a rude dip 4 ft 

Total thickness of Ta negated strata under!} ing the Great Otdite ... 2ftS ft 


The following apparent dips wore measured in the cores brought 
up in the last 38 feet : — 

Dip. 


At 1411 feet from the surface 27° 

1412 „ „ 28° 

1420 20'" 

1421 28° 

1431 27° 

U.‘13 26° 

1437 32° 

1438 .32o 

1443 33° 


With regard to the question of the geological ago of those strata 
we have, imfortunately, hut little fresh evidence to offer. 

The new facts derived from the examination of the dips exhibited 
by the cores are almost conclusively in favour of those rocks having 
a true dip of about 30®, complicated liy much false-bedding. This 
is indicated by the circumstance that the finely-laminated strata 
exliihit the most variable apparent dips, while those bods with very 
iraiierfect stratification, which probably show true dip, nearly always 
* Loe, cU, p. 750. 
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give angles of about 30°. This is the case with the lowest cores 
brought up in this boring. 

By some this high dip, and the necessary inference of uncon*- 
formable relation between these variegated strata and the overlying 
Jurassic and Cretaceous rocks, may be regarded as telling in favour 
of their pre-Carboniferous age. But it is by no means impossible 
that PoiHlitic strata in this area were disturbed and denuded before 
the period of the deposition of the Great Oolite. The lowest beds 
exposed in the boring are certainly much more like those of the 
J^ew Bed than of the Old Bed. It must be remembered, too, that in 
Northamptonshire somewhat similar variegated strata have actually 
been found intercalated with the Carboniferous series. It cannot 
fail, however, to be a constant subject of regret to geologists that 
no more precise evidence concerning the age of these strata was 
obtained. 

With respect to some other strata passed through in this well, 
interesting additional evidence has been obtained since the reading 
of the paper. 

At the depth of 704 feet in this well we indicated the existence 
of a curious conglomerated chalk, covered by 15 feet of hard chalk. 
The former was referred to the Zone of Belemnites plerms in its 
remanie condition ; and the latter, it was suggested, might not im- 
probably be referred to the “Melbourn Bock^^ of Mr. A. J. Jukes- 
Browne. Since the reading of the paper, we have been indebted to 
Mr. William HiU, Jun., F.G.S., of Hitchin, for a number of facts and 
specimens which prove conclusively the identity of the Melbourn 
Bock with that which occurs at this horizon under Bichmond. 

Mr. Hill, who had long studied the microscopic characters of the 
different beds of the Chalk series, and had traced the different zones 
through a large part of the Midland area, on reading our account of 
the conglomerated chalk of Bichmond, at once sought for it along 
the line of outcrop of the Melbourn Bock, The. specimens he has 
kindly submitted to us prove that a precisely similar bed everywhere 
forms the base of the Melbourn Bock of the Midlands, and that there 
is the strongest resemblance in microscopic characters between that 
rock and its conglomerated base in the district he has studied and 
in the London basin. The recognition of this important horizon 
cannot fail to greatly facilitate the separation of different zones in 
the Chalk in this country. 

With the aid of Dr. Hinde, F.G.S. , and Prof. T. Bupert Jones, 
F.B.S., we have further investigated the interesting specimens of 
chalk-marl obtained from the Bichmond well. On dissolving the 
chalk-marl in dilute acid, a residue, amounting in some cases to no 
less than 50 per cent of the whole, is left behind. By washing this 
residue many beautiful specimens of fossils have been obtained. 
Portions of the spicular mesh of hexactinellid sponges are common, 
and in some cases Dr. Hinde has been able to determine the genera 
and species. Very abundant, indeed, in some cases are silicified 
prisms of the shell of Inoceramm ; these sometimes, indeed, make 
up a large part of the mass of insoluble residue of the chalk-marl. 
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them occur a number of partially silicified Foraminifera. The 
forms usually obtained by the treatment of the chalk-marl with acid 
are arenaceous types like Bulimina (Ataccophragmium), Textularia 
{Plecanium)y and Venieuilina. In these a more or less perfect 
cohesion of the sand grains composing the shells has been brought 
about by the deposition of siliceous material between them. 

But it is with respect to the Jurassic deposits, the existence of 
which under the London basin was previously unknown, that the 
evidence afforded by the Richmond boring is of such great value 
and interest. 

Since the reading of our paper, in which wo endeavoured to define 
the position and relations of the Upper, Middle, and Lower Oolites 
respectively in the South-east of England, a new and most valuable 
piece of evidence has been obtained, which confirms in a very 
striking manner the conclusions at which we then arrived. 

During the progress of the Dockyard Extension works at Chatham, 
H.M. Government have had occasion to sink two deep wells, one of 
which has penetrated the whole of the Cretaceous strata and reached 
the underlying rocks. The results have been communicated to 
Messrs. Whitaker and Topley for the use of the Geological Survey, 
and we have the courteous permission of the Direct or-General to 
publish the interesting details with which the officers of the Survey 
have furnished us. 

The deepest well at Chatham attained a depth of 965 feet, and 
the strata passed through were as follows * : — 

Surface 10 feet above Ordnance datum. 

Deptli from 

Thickness. surface. 


ft. ft. 

Alluvium, gravel, and Thanet-sand 27 

Chalk 6S2 709 

Oault 193 902 

Lower Greensand (sandy beds) 41 943 

Dark-blue clay (Oxfordian) 22 965 


Tlie first point which strikes us in this very interesting section is 
the remarkable way in which tlie Lower Greensand has thinned out 
in a distance of 7 miles from Maidstone (at which place it has a 
thickness of 225 feet, and includes the tliick calcareous masses of 
the Kentish Rag) to a comparatively insignificani and purely 
sandy representative. 

The blue clays underlying the Lower Greensand were not un- 
naturally taken for Wealden in the first instance, but a number of 
fossils washed from these clays by Mr. Creswick, of the Admiralty 
Office of Works, were found to he suspiciously like Oxford-clay 
forms, and on being submitted to Messrs. G. Sharraan and E. T. 
Kowton, F.G.8., of the Geological Survey, they were identified as 
follows : — 

* A short notice of the strata pMsecI throigh in this well has already been 
given by Mr. Whitaker in his * Guide to the Geology of London and the rfoigh- 
bourhood’ (4th edition, 1884), pp. 19, 21, A more detailed account of them 
will be given in a forthcoming publication of the Geological Survey. 
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AmmoDites crenatus, 

hecticus, Bein. 

Lamberti, Sdy, 

plicatus ?, S6y. 

(minute forms, possibly young). 

Belemnites, sp. 

Alaria trificla. 

Gasteropoda (very minute). 

Astarte, sp. 

Oorbula? 

Pecten, sp. 

Pentacrinus Fisheri, JSatly {Forbes's 
MS.)^ 

sigmaringensis ?, Querist, 


Pentacrinus, sp. 

Cidaris, sp. (plate and small spine). 
Acrosalenia (?) (small spine). 
Crustacean claws and limbs. 

Bairdia (near to J uddiana, Jones), 
feerpula vertebralis, Sby, 

, sp. 

Coral (small turbinate). 

Cristellaria rotulata, Lam, (var. with 
cupped centre and raised septa). 

(var. with smooth exterior). 

crepidula, F, ^ M. 

Wood. 


The evidence of these fossils is conclusive that the strata which 
contain them are not only of Oxfordian age, but that they belong to 
the middle portion of the Oxfordian, the Zone of Ammonites bin 
mammatus of Oppel or the Zone of Ammonites Lamherti of English 
authors. 

It thus appears that the Wealden deposits, which have such an 
enormous thickness (2000 ft.) in the Weald area proper, and are 
said to have been proved to the depth of 600 feet only 7 miles off 
at Maidstone, have thinned out completely within 7 miles of the 
Lower Greensand escarpment. 

For the first time, then, we have direct evidence of the position of 
outcrop under the Cretaceous rocks of strata of Middle-Oolite age 
in the South-east of England. The existence of such strata was 
inferred from the position of the Upper Oolite as revealed in the 
Wealden boring at Battle, and from that of the Lower Oolites in 
the borings at Kichmond and at Meux’s Brewery, and was supported 
by the fact of the presence of numerous fossils derived from them in 
the Lower-Greensand strata cropping out from beneath the North 
Downs. From this evidence we were enabled to indicate with con- 
siderable precision the exact latitude in the south-east of England 
where the Middle Oolite might be expected to occur under the 
Chalk. The Chatham well has supplied the most conclusive evi- 
dence that our reasonings on the subject were well founded. 

The important modifications of the views hitherto held by geolo- 
gists concerning the depth at which rocks yielding coal and water 
respectively may be expected to be found in the south-east of 
England, which result from the discovery of the wide distribution of 
Jurassic rocks beneath the Cretaceous strata, have been already 
dwelt upon, and the justice of the conclusions arrived at has been 
proved by the important revelations of the Chatham well. 


Discussiojr. 

The Pbesidbnt congratulated the authors on the important addi- 
tions made by these borings to our knowledge of the geology of 
Bouth-aastern England. He considered that the comparatively high 
Q.J.G.S. No, 164. 2 p 



688 


OK m KEKP BOBZKO AX EICHHOKB, SUBBSY. 


dip rendered it more probable than ever that the red beds were 
of Palaeosoic age. 

Prof. Pbbstwioh said that the section was the most interesting 
yet recorded in the London district. The observation of the dip 
was new and important, as it coincided with the previous one 
noticed at Meux’s Brewery, as well as those at Harwich and Kentish 
Town, and tended to show that the beds are probably not New but 
Old Red Sandstone like the Devonians of western England and 
the north of France. The temperature-observations agreed very 
nearly with those made at Kentish Town. 

Mr. Battbbmak remarked that the paper dealt with one of the 
most interesting subjects in the geolog}’ of southern England. He 
regretted that the Oxford Clay had again made its appearance in 
the Chatham boring, as showing a probable great thickness of the 
Oolites. The occurrence of Old Red at Richmond was also disaj)- 
pointing. He thought that a boring was wanted in the Kennet 
Valley between Reading and Devizes. 

Mr. Toplet said that the establishment of fixed horizons in the 
Chalk underlying London would aid greatly in mapping the sub- 
divisions of that formation to the south. He regretted the absence of 
Mr. Whitaker, who, with Mr. Newton, had been engaged in working 
out the question. Mr. Creswick had w ashed out the fossils from 
the Chatham boring, and he had the credit of being the first to 
suggest their Oxford-Clay age. He had himself called attention to 
the Chatham boring when Prof. Judds previous paper was read, 
but at that time, no fossils having been obtained, he supposed that 
the Oxfordian beds were W ealden. He suggested a comparison of the 
bottom-beds of the Richmond well with specimens from the Cross- 
ness boring now exhibited. He also called attention to a specimen 
from the bottom-beds of the Harwich boring, in which PosiJo^ 
nomya was said to have occurred. 

Prof. T. Rupekt Jones stated that the Posidonomya from the 
Harwich boring was examined by him, and undoubtedly belonged te 
that genus. He asked whether the Oxford Clay at Chatham con- 
tained Entomostraca as some Wiltshire specimens did. 

Dr. C. Le Neve Foster inquired whether Prof. Judd was satisfied 
that the boring was vertical, as borings with the diamond-drill fre- 
quently deviated much from thoir initial direction at no considerable 
depth. This was of much importance in considering the (juestion 
of dip as determined from the cores extracted. 

Prof. Juni) said that he would not enter into the vexed question 
of the ago of the beds. All the evidence which could be obtained 
was given in the paper, but it was admitted that uncertainty still 
remained. In the case of the Richmond well the boring could not 
have deviated much from the vertical direction. 
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39. Note on the Zoologicai. PosmoK of the Qenm MiOBOCHaRirs, 
Wood, and its Appabekt Idbktitt with Hyopsopits, Leidy. By 
E. Ltdekkeb, Esq., B.A., P.G.S., &c. (Bead June 24, 1885.) 

In 1846 the late Mr. S. V. Wood described* * * § and figured the palate 
and left ramus of the mandible of a small mammal from the Upper 
Eocene of Hordwell, under the name of Mierochcerm erincweus^ and 
considered that it was allied to Hyracotherium ; although the specific 
name appears to indicate that he had a suspicion of other affinities. 
In 1870 Prof. J. Leidyt proposed the generic name of Hi/opsodus for 
a small mammal from the rej)uted Upper Eocene ol Wyoming, the re- 
mains of which were figured and described in a later work+, and 
were also regarded as indicating an animal allied to Hyracotherium, 
A recent comparison of the tyj)e specimens of Hicroehcerus^ which are 
now in the British Museum (^No. 25229), with Prof. Leidy’s figures 
of Hyopsodvs has convinced the writer that the two forms are ex- 
tremely closely related and, in his own opinion, generically identical. 
The Englisli form, of which the right upper dentition is figured on 
an enlarged scrile in the accompanying woodcut, agrees in size with 
Eyopsodus vicarius, Cope§, and the resemblance is so close that it 


Microchcorus erinaceus. The Right Upper Dentition y from the 
palatal aspect, x 2. 



is difficult to point out even specific differences ; the former shows, 
indeed, a minute accessory column in the valley external to the 
true main outer columns in the upper true molars, which is wanting 
in Prof. Leidy's figure of II. j>auluSy but whether present or absent 
in H. vicarius cannot be determined from Prof. Cope's figure. In 
any case the absence or presence of this column would not, in the 
present writer's opinion, be a character of more than specific value. 

The figured American specimens of Hyopsodus do not show all 
the anterior teeth, and in this respect the type of Microchoerus is of 

* ‘ CharlesTv orth’s London Geological Journal,’ No.i. p. 6, pL ii. figs, 1 and 
3 (184(>). 

t Proc. Ac. Nat. Sci. Philad. 1870. p. 110. 

J ‘ Contributions to Extinct Vertebrate Fauna of the Western Territories * 
(Rep. U. S. Geol. Surv.), pp. 76-80, pi. vi. (1873). 

§ Vide Amor. Nat. 1886, p. 460, fig. 3. 

2 P 2 
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gmt importance. In the cranium there are altogether nine teeth 
on eai^ side. The last three are true molars, in advance of which 
are two molariform premolars; the four teeth in front of the latter 
are oaniniform, and at least the two first are inserted in the pre* 
maxilla. As the maxillo-premaxillary suture is not visible, it is 
impossible to be sure of the homology of the third and fourth teeth ; 
but the writer is inclined to regard them respectively as the third 
incisor and the canine, although they may be the canine and the 
antepenultimate premolar. The upper dental formula will be there- 
fore either I. 2, C. 1, Pm. 3, M. 3, or 1. 3, C. 1, Pm. 2, M. 3. 
The innermost incisor is separated by a wide interval from the 
homologous tooth of the op;>osite side, in which respect it agrees with 
Erinacem and several other Iiisectivora, and differs widely from all 
Ungulates. The small si/e of the canine (whichever this tooth bo) 
and the caniniform incisors are marked insectivorous cliaracters. 

The lower jaw is reported to have been perfect when first discovered, 
but was broken during a journey to Paris. Jn’its present condition 
it comprises the middle jiortion of the ramus, with the three true molars 
and the last premolar ; but the two extremities have been restored 
in wax ; the restoration of the anterior extremit} is totally erroneous, 
there being a huge canine, which could not possibly have belonged 
to such an animd. In the figure there are shown throe equal-sized 
premolariform teeth in front of th(‘ true molars, then a very minute 
tooth, and then a larger caniniform tooth with a considerable for- 
ward inclination ; but it is uncertain whether this is correct. 
Another portion of a right ramus in the Museum from the same 
locality shows two premolariform teeth iu front of the true molars, 
and two empty alveoli in advance of the former, hich incline forward 
as in Erinaceifs; but it is not easy to determine their serial homology. 

The dentition of MicrocJiorus agre<»s so closely with that of 
Erinaceus that the writer has no hesitation in placing it in the same 
order. The cusps on the true molars are decidedly lower than, and 
differ considerably in arrangement from, those of Erinaems^ the 
difference being so great as, in his opinion, to forbid the inclusion 
of the two genera in the same family. The name Hf/opsorlus^ if, 
as is almost certainly the case, that genus be identical with Micro- 
choerus, should bo superseded by the latter ; and under any circum- 
stances both the American and English forms must be placed in the 
same family. Prof. Cope*, in discussing the affinity of Jlyopsodus, 
associates it with the lemurine Adapis, but remarks that many of 
the genera which he provisionally includes in the same group present 
such marked resemblance to the Insoctivora that he is unable to say 
whether they should ho referred to that order or to the Lemuroid 
Primates, there being strong evidence of a complete transition be- 
tween the two. 

The identity or, at least, the intimate affinity of Microchacrus and 
Hyopsodm is another instance of the close connection existing be- 
tween the Upper Eocene and Lower Miocene Mammalian fauna of 
^ Op. cit pp. 459 , m. 
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Europe and that of the reputed equivalent strata of Korth America, 
BO remarkably exemplified by the occurrence in both of genera like 
Hyamodon^ Oxycena, Proviverra (Stypolophus), MoiJierium^ Hyopth 
tamus^ Coryphodon, PachynolophxB and Hyracofherium {Orohippus)^ 
In conclusion it appears that MkroohceruB erinaeem is by no means 
an uncommon form in the Eocene of Hordwell, since the British 
Museum possesses several fragments in addition to the type, and 
there are several imperfect specimens of the upper and lower jaws 
in the Woodwardian Museum at Cambridge. 
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40. On the Igneous and Associated Rooks of the Breidden Hills in 
East Montgomeryshire and West Shropshire. By W. W. 
Watts, Esq., M.A., F.G S. (Road June 24, 1885.) 
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II. Introduction. 

The rocks described in this paper occur in a district on the borders of 
Shropshire and ^Montgoiner} shire, on the east side of the Severn, about 
12 miles W. of Shrewsbury and 0 miles N.E. of Welshpool, They 
are mapped by the Geological Sur\ey, but no detailed description, 
except a few notices in Murchison’s works, has yet been published. 

There are three chief parallel ridges running N.E. and S.W. The 
two westerly ones, called the Breidden or Rodney’s Pillar Hill (1 1 43') 
— extending northw'ards as far as Brimford Wood — and the Criggan, 
are composed of intrusive basic rock, and of this there are also one or 
two other little hills, — the Garreg near Trewern and Foel Coppice to 
the south, Bclan Bank rising out of the alluvial plain of the Severn, 
and two small hills to the north. The easterly ridge, whose chief 
summits are Moel-y-Golfa (1199'), Middletown Hill, Bulthey Hill, 
and Bausley Hill, consists of lavas, ashes, and congloniorates of an 
intermediate type. Associated with these igneous rocks are shales, 
sandstones, and mudstones, which ap])ear to bo an inlior of the 
Bala rocks of Shtdve reappearing under the Silurian synclinal of 
the Long Mountain to the S.E., which also seem to reappear as a 
tiny inlier at Buttington, and arc apparently continu(‘d further to 
the S.W. in a strip of similar rocks to the E. and S.E. of Welsh- 
pool. 

In this paper I propose to describe the contemporaneous and in- 
trusive igneous rocks of the region, and to give a short account of 
the sedimentary rocks connected with them. And hero I have great 
pleasure in expressing my most sincere thanks to Dr. Davidson and 
Prof. Lapworth for their kindness in determining my fragmentary 
fossils, and to Prof. Bonney and Mr. Allport for their ready help in 
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the difficulties which beset me in trying to make anything out of the 
petrology of rocks which have undergone so much decomposition as 
these. 

III. Cambrian Books (Sedgwick). 

These are best exposed in a little brook which rises between 
Bulthey and Bausley Hills, and, joining Belleisle Brook, cuts through 
the shdes where they are not much traversed by eruptive rocks ; but 
they are also seen in many isolated spots amongst the hills, particu- 
larly near Trewem. They consist of a series of slightly varying 
micaceous shales, dark grey and sometimes black in colour, easily 
fissile, slightly concretionary, and much broken by ironstained joints. 
Though fippcaring very likely to be fossiliferous, no fossils of any 
kind have been found in these Criggion shales, and their remarkable 
homogeneity renders it useless to attempt to establish divisions 
amongst them. The base of the shales is not seen, for the Severn 
alluvium covers it up. A remarkable band of sharply jointed, struc- 
tureless, black quartzosc grit occurs about 800 feet above the lowest 
beds seen ; it is 20 feet thick, and is evidently much altered by a 
small dyke of diabase which penetrates the shales in its neighbour- 
hood, and by its proximity to the intrusive mass of Brimford Wood, 
of which this dyke is an offshoot. There are two other dykes, one 
60 feet and the other 30 feet wide, shown in the tributar}". Along 
Belleisle Brook which follows the junction of the shales with coarse- 
grained diabase, the shales are much hardened, jointed, and altered. 
The dip of the rocks along the brooks varies from 80° 8. to 60° S.E. 
and 60° 8.S.E. ; and, from the map, I should calculate that, below the 
conglomerates shortly to be described, there are about 2700 feet of 
rock where least disturbed, though the changes of dip and amount 
of intrusion render this estimate uncertain. Shales of precisely this 
character arc observed to the S.W., often more or less altered and 
much disturbed in dip (particularly in the neighbourhood of the 
Criggan, Garreg, and other intrusive masses), and always unfossili- 
ferous. I have not been able to identify the black grit to the south 
of this section. 

The shales are followed by volcanic ashes, conglomerates, and 
even lavas which rise in the hills of the S.E. ridge. They are typi- 
cally developed in the road-cutting between Bulthey and Bausley hills 
and on the northern crag of Bausley Hill where the rock is ^most 
vertical. In a quarr}’ near the road-cutting, spotted ashy beds and 
conglomerates are exposed, and these are followed by a massive con- 
glomerate (of the road-cutting) dipping S.W. exclusively com- 
posed of volcanic rocks, and almost entirely of andesitic firagments, 
some of them reaching a diameter of 18 inches, set in a grey or 
spotted ashy matrix. The thickness of conglomerate shown in the 
road-cutting is 110 feet. In Bausley Hill* shales and ashy grits 
are intercalated amongst the conglomerates, and consequently the 
series is thicker ; a few fossils are found in the grits. In a small 
farmyard at the north end of Bausley Hill, above the conglomerates, 

♦ Sil. Syst., 292. 
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ooaor greenish- grev« barren, homogeneous or mioaoeoua shales break- 
ing into cttboidal fragments, alternating with more sandy beds and 
indurated grey grits with Oraptolites, which pass into thicker-bedded 
and more obviously ashy grits weathering brown and containing 
shells, Trilobites, and rare Graptolites. These beds are actually 
overthrust and dip to the N.W. at 38® ; but I think this is simply 
inversion, for precisely similar beds are common aliove the con- 
glomerates, particularly at the south part of Bauslcy Hill, near a 
farm-house, where some of the same fossils have been found. These 
localities are the only ones from which I have obtained identifiable 
fossils, but they seem to indicate the ago of the series pretty clearly. 
Prof. Lapworth has determined the Graptolites, and Dr. Davidson 
the Brachiopoda. 


Climacograptus antiquus?, Lapw. 

bicornis ?, BulL 

Scharenbergi, Lapu\ 

, ep. 

Crvptograptus tricorn is, f arr. 
Dicranograpt ns. 8j). ? 
Diplograptus foliaccus, March. 
rugosus, h'/iiffi. 


Ix'ptogmptus flaccid us?, Hail. 
Crinoids. 

T^inrichia c*(>inj>licnta, Saif. 
Trinucleus concent ricus, tlaton. 

fimhnatiis, March. 

Lingula, sp. 

Orllu.H Icht 11(1 inaria, Dalm. 
licllcropluai bilobntus, tSov\ 


Orihis testudinaria., another Orthis^ and criuoid st(*ms have been 
obtained from the second locality just named in the south pail of 
Bausley Hill * ; while 31 r. 3f organ! ha> found Thamnisciis antiquus 
amongst other forms in ashy beds to the N.E. of 3Iiddletown Hill. 
These fossils, of which some range from l^wer to 3liddlc Bala, 
some from Middle to Up])er Bala, and some have a wider range, 
seem to indicate that these beds belong to the Bala grouj) ^nd are the 
equivalents of the top of the Gleiikiln or bott/om of the Hart fell 
series. Above them come similar unfossilit’croiis shalt‘s with more 
frequent grit bands. It is certainly likely that the exact equivalent 
of these beds may be found in the upper rocks of Haglcy and Mar- 
rington in the Corndon dist rict , hut 1 am not yet sufficiently familiar 
with that area to speak with any certainty. 

When traced to the S.W., ashy beds arc intercalated between the 
conglomerates, and a fold and fault in the rocks makes them 
occupy a wide extent on the map. The structure of Middletown 
Hill is explained by the subjoined diagram (fig. I), in which the 
fault at Middletown quarry is shown. The asli is made up of 
fragments of decomposed felspar, often replaced by kaolin, and 
stained light green, like some of the felspar crystals in weathered 
pieces of Shap-Fell granite ; there are also flesh-coloured and black 
fragments, and fragments of banded volcanic rock. A large amount 
of this rock has been quarried for china-stone, hut the depth of colour 
in all but a few beds spoiled it for this purpose. Under the micro- 
scope the ash shows all the characters of a trachytic tuflf altered to 


* Since this was written, Prof. Lapworth has found Liplogrojpius foliaceiis 
in this locality, and Trinuclem in the matrix of the conglomerate, 
t Quart. Joum. Geol. Soc. xli. 111. 
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Fig. 1.^^8ecti(m acrow Middletown HiU. (Lengthy ^ mile.) 

s. H. 

/ 



OS'. Cambrian Shales. V C'. Lower Volcanic Conglomerate. 

V A. Volcanic asli. V C". Upper Volcanic Conglomerate. 

CS". Cambrian Shales. Q,= quarries. C. Little crags. //. Fault. 

kaolin and quartz. This ash is again seen to the S. of Moel-y- 
Golfa, and in one or two isolated spots to the N.E. It passes up 
into andesitic conglomerate, and that, in a quarry at the foot of 
the hill, into 10 of volcanic grit without pebbles, followed by sand- 
stone and shale with hard grit bands containing Pentamerus ; a 
fault obscures the exact relations of the two groups. 

The lowest beds seen in Moel-y-Golfa are lavas of an andesitic 
type, well exposed in the great crags at the S.W. end of the hill. 
Similar lavas are seen to succeed one another on the S.E. side, one 
of the lowest of them being araygdaloidal, to a total thickness perhaps 
of 400 feet, until, at about 650 feet from the summit, they are fol- 
lowed by ashy beds and these by conglomerates, both of which wrap 
round the S.W. end of the hill ; these are visible in the crags and 
quarries on and near the Welshpool road. The ash, when not of 
the china-stone type, is obviously formed of the same materials as the 
lavas of the hill, and the conglomerates, in which I have measured 
fragments 2 feet long, are composed of lumps of the same rock. 

The hill is very abrupt at its S.W. extremity, and the ashes and 
conglomerates do not thin out as they do northwards, but are re- 
placed on the plain by the shales of Trewern, like those found else- 
where beneath the conglomerate, suggesting that the beds are cut 
off by a fault ; but there is no additional evidence of this unless we 
consider the absence of the black grit of Belleisle Brook to bo such. 

At Cefn, near Buttington, there is an inlier, probably of the same 
rocks, associated with an intrusion of diabase. The quarries show 
shivery grey shales interhedded with grits often baked to quartzite 
and very much contorted by the intrusion 

From this description it will be seen that the centre of volcanic 
activity was at Moel-y-Golfa, where the lavas occur and near to 
which the ash beds are thickest, while further north the area was 
for the most part submerged, becoming occasionally shallow for the 
formation of conglomerates and even at times upheaved to receive 
* Silurian System, 292. 
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t1i6 iriiM* Some bosses of rock on Moel-y-Oolfa may be introsire, 
but 1 have found no condusive evidence of this ; most of them are 
certainly lavas and have suflPered denudation to form the conglome- 
rates. 


IV. SiLUfiiAN Books {Sedgwiclc), 

These occupy an area S.E. of the ridges, and closely overlap the 
Cambrian rocks, particularly on the flank of Middletown Hill, where 
the lowest beds are exposed. It is extremely unfortunate that, 
though these rocks are in close proximity to exposures of the volcanic 
conglomerate, the actual base and the character of the junction ctinnot 
be determined. The lower rocks, exposed in a lane leading from 
Middletown to the Barj’tes mine, consibt of greenish-brown, rather 
tough, thin-bedded mudstones, and soft sandstone much stained with 
ochre and containing a few quartz pebbles and some hardened, 
impure siliceous concretions and beds ; they are barren for the most 
part, but have yielded a few shell-casts. The strata dip at 3r>° 8. 
30° E., and about 250 feet are exposed. I have found tlio following 
fossils, most of which Dr. Davidson has kindly examined for mo : — 

Pentamerus globosus?, Sow, OrthU rustica?, Sow. 

oblongud, Sow. ^ 

uiidiitus, Sow. L(q>t.i*na trjina\er«ali8, WahJ. 

Athyris ? sp. Strupbomona rhomboidahs, Wahl, 

together with a Gasteropod and a small Brachiopod of an unknown 
genus, but resembling TriiiJesia, Those fix the age of these beds as 
May-Hill, and so there must be a marked break between the Cam- 
brian and Pentamerus-beds, and an unconformability of which the 
slight change in dip gives little evidence. 

Faults which bear barj tes traverse Middletown Hill to the N.E. 
of this exposure, coursing N. 35° W. and S. 35" E., and introduce a 
slip of similar rocks between the Cambrian rocks. In this strip I 
have found : — 

Petraia subduplicata ?, M*Coy. 

Pentamerus oblongus, Sow. 

There are no exposures to show what immediately follows those 
beds, but tlie next rock seen is a purple shale, shown in the small 
brooks near Middletown Schoolhouse and the New Inn, and in the 
brook which rises near the Four Crosses Inn. It is a purple shale, 
soft; and micaceous, containing green bands and concretions. No 
fossils have hitherto l)een found in it. It dips H. 10° E. at from 
35® to 50®, and appears to be about 200 feet thick, while the total 
thickness from the lowest May-Hill beds exposed to the top of this 
shale cannot be much less than 060 feet. The upper part becomes 
greyer and more concretionary till it passes into the ordinary grey 
Wenlock shale. The purple beds have also been recognized along 
the brooks and roads around the Buttington inlicr, but I have not 
yet recognized Pentamerus-beds there. The position, appearance, 
and chara<*ter of these shales link them with the purple shales above 
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Fentamernehbeds in Shropshire, and th^ are the probable eqniralent 
of the Tarannon shales of North Wales, 

The Wenlock shales follow, and they are of importance from their 
position as showing a transition from the calcareous development in 
Salop to the arenaceous type in Denbigh. They are admirably dis- 
played in road- and railway-cuttings, small quarries, and a number 
of transverse streams which how down from the Long Mountain. 1 
have not yet been able to work out these rocks in great detail, 
still less to follow the zones to the S.E. side of the synclinal, but 
I hope at some future time to 
return to this, the abundance of 
Graptoliies giving promise of use- 
ful results. 

I have run four sections across 
these beds from N.W. to S.E., 
between the N. of the area and 
Buttington, and they show a pretty 
regular succession and palaeonto- 
logical development, such as en- 
ables us to compare them with 
other areas. 

Beginning at the N. (fig. 2), a 
number of sections are laid open 
along the brook running from Har- 
grave Wood to Middletown . At the 
junction ot this with a tributary 
flowing past the schoolhouse, the 
lowest beds of concretionary, grey, 
calcareous shale (a) contain a few 
undeterminable shells, and dip 
S. IS"" E. at 32"^. A little further 
up, vheie the brook crosses the 
railway, are similar shales (6) with 
concretions (2 feet across) dipjiing 
10° S. 10° E., and containing the 
following Graptolites, which, to- 
gether with others shortly to be 
moiitionod, have been kindly de- 
termined by Prof. Lapworth : — 


Cj rtograptus, sp. 

Monogra})tus priodon, var. 

Fleiuingii, Suli. 

These are Lower Wenlock 
forms. Further up, where a 
branch from Winnington Green 
enters, in a small quarry, are 
finer bedded shales (c) which dip 
S. 60° E. at 56°, and contain — 
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Monograptus K*i*«ilicu« (iltihiiw, 

pnodon, 

vomcnim^ ?, Stch, 


(’iluiM'iu*, p 
C <» 

( >( tlnKH‘ni*t iijjulutum, 


all fossils htdoniring to Iho rpi«‘r WonI.uk. Mk»vo tkis \lw IrhIh 
get grtuliially mon* sandy andtiaj:i:\, i** though tho m u wort' ulowly 
shallowing. Near tho Uoso and t'roun Inn u . ipital <‘xp(v.iurt‘ in 
these upper beds concretionary hi ou n inudst-nes dipping 40 S. 
20' E., and yielding : — 


Mon<»grapt u*» c<»lonus 7 

IcintwartlinonsH 

Bntomis tulH'nailotn, 

Orthoceras, «p. 

These fossils belong to the I-(.wer Ludlow rocks, and must be 
classed with them. At the Hall Mill aimvc this spot are brown and 
dark-grey sandy madxtonet, finely laminated, with some raloareous 
bands (r) dipping S. 2.*> E. Hert' 1 have found no fossils. 

A second 8e<‘tion run.s from Coppice House, near Middletown 
Station, through (rlyn to Trefnant, and shows a very similar suc- 
cession. .it Coppuv House the grey shales di]> «V{ 8. 2(t" K., and 
have yielded : — 

Monofrniptuit -Vu A 

Urthtiocrnu Mihuiiduirttuiu ^ 


On the larger hrtM»k, ivhere if rettive- trihufariVa from (rlyn 
Common, mashire con^ n tionnry hh.iles nrv ev/iov*^ in ii quarry and 
bare a slight dip to X.W. In th(j»e I h.iw found : — 

Ufonoirmptuji cohniuH ?, Laptr, 

!^lI‘•8onl, liitrr. 

prifulon, ^*nr Flcmingn, Suit 

OrtlKKJcniB hubundulatuin ?, , 

a very curious mixture of forma, of wliicli the first ranges from 
Upper Wenlock to Jxiwer Ludlow, the second belongs to the Upper 
Ludlow, and the third to Lower and rjiper Wenlock. So these beds 
may come between Ixjw cr and Upper Wenlock. Half a mile further 
S.E., on the brook from Trefnant, are exposures of shales, with dips 
varying from S. 05^^ E. to S. W. at low angles. Near to Trefnant 
these beds contain the following Low’cr Ludlow fossils : — 

Moiiograptus NilBaoni, Barr, 

feal^ieji, liopk, 

A third section runs from liwyn-Melyn farm past Dinglo Mill to 
the County Bridge on the high road from Woolaston to Welshpool. 
In the lane from Trewern to Dingle Mill, and in the railw'ay-cutting 
near Llwyn-Melyn, are tno usual hard, grey, calcareous shales, very 
concretionary and dipping 8. 20® W. at 3h°. They contain — 

Monograptus (like colon us, Lapw.) 

Oardiola interrupfa, Brod. 

Orthoceras subundulatum, Portl. 

Concretionary shales dip up Dingle Brook at 28® S. 5® E., and in 
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a quarry near the old mill, marked by an arrow on the Survey Map, 

I have obtained — 

Monograptus colonuB, Lapw. 

Orthoceras, sp. 

Above this are sandy laminated shales, exposed at the County Bridge, 
dipping 49° S. 1 0° E. 

A fourth section goes S.E. from Sale, near Buttington, to TJcheldre, 
and shows purple shales at the base wrapping round the little anti- 
clinal of Cambrian rock ; these pass up by alternations into grey 
Wenlock shales, but all these rocks are much contorted near the 
Cambrian patch. Fossils are found in the Lower Wenlock of Sale — 

Monograptus Fomerinus, Nich, 

Orthoceras subundulatum ?, Port, 

Near Ucheldre a quarry with shale dipping 40° S. 20° E. yields — 

Monograptus Rameri, Barr, ; 

and the neighbouring brook running to Lower Heldre, where it 
crosses the road, shows dark grey shales with — 

Atr}’pa reticularis, Linn, 

Rhynchonella nucula, Sow, 

borealis, Schloth. 

So we must class these beds with the Upper Wenlock. 

Summing up the Silurian, there seem to be 5 zones : — 

/ !• Bentamerus Beds 1 
Valentian - | 2 . Purple Sh«les T®® 

' 3. Lower Wenlock 

Salopian i 4. Upper Wenlock I about 2500'. 

I 5. Lower Ludlow J 

To zone 3 belong the beds with Cyrtograpsm (?), where Hargrave 
Brook crosses tlie railway, the beds of Coppice House and Sale. We 
must place between 3 and 4 the rocks of Glyn and Llwyn-Melyn. 
To 4 belong those of Winnington (c). Mill on Dingle Brook, and 
Ucheldre ; and the beds of Trefuant and the Eose and Crown must 
be grouped in 5. 

Although the Silurian usually dips at a lower angle than the 
Cambrian, particularly near the junction, the variation in dip is so 
great that we cannot use this as any proof of unconform ability ; but 
quite sufficient exists in the presence of bands containing Middle Bala 
and May- Hill fossils respectively, so near to one another as in the 
different exposures in Middletown Hill and to the south. 

V. Igneous Hocks. 

1. Older Series, 

These occur in Moel-y-Golfa, and arc for the most part well 
exposed on its crags. They appear to consist of a set of lavas 
belonging to an andesitic type, somewhat of the character of the 
andesites described by Mr. Teall in his paper on the Cheviot rocks* ; 
but I think it highly probable that some of the steeper bosses of rock 
* Qeol. Mag. dec. ii. x. p. 100 et seq. 
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may be intrusiTe and take the place of the pipe of the rtd volcano. 
Of tl^ however, I have no farther evidence than the andden diaap- 
pearanoe of the lava to the S.W. We might expect such rooka to 
be more highly crj'stalline than the othera ; bat thia need by no 
means neoeaaarily be the case, for the amygdoloidal oluuracter of the 
more baric rocks, shortly to be described, shows that those parts at 
present exposed oonld not have been subjettod to vory^ great procure, 
but probably cooled near the flurfaoi>. 

MacrosoopicaUy these rooks are dark grey or dull gn*enish in colour, 
weathering light brown or white, sharply jointed, sometimes columnar 
fas Jn tbeN.W. flank of the hill, where the coliimiiH are from 2 foot 
to 18 inches across) and often traversed by platy joints nt ri^ht Hng;Iea 
to the columns. They reveal a dead ground- mass with small por- 
phyritic crystals of felspar — pink, white, or green, rarely more than 
•1 inch in length — ^and black crystals of pyroxene, g(*nerally smaUer ; 
these are well shown on polished surfaces. Often the felspars look 
broken and rounded, and tempt one to think there may be ash-beds 
amongst the lavas ; but though I have most carefully s(‘arched for such 
beds in the field and with the microscope, I havr been unable to 
obtain conclusive evidence on this point, even the most fragmental- 
looking to the eye giving evidence under the microscope that they 
are merely lavas in which the crystals have been a little knocked 
about ; and Prof. Bonney, who has most kindly examined se\eral of 
my most typical specimens, entirely concurs in this conclusion. 
Microscopically, these rocks present only varietal difierenccs, so that 
general descriptions will sufiScc. 

1, Felspar. The smaller crystals have frequently perfect angles 
and edges ; the larger are often broken or incomplete, at least at one 
end. There are generally two kinds ])re8ent : — first, large crystals 
showing iwlysy nthetic twinning; thebe jire gen<‘rally in the minority; 
but when this is the case the felspars have undergone much altera- 
tion, and thismay have masked the twinning; secondly, singly tw’inned 
or untwinned crystals, sometimes quite like sanidine in tlieir glasby 
clearness, cracks, and inclusions; but Prof. Bonney thinks these are 
generally plagioclase: probably both kinds are only lahradorite. They 
are both much altered, chiefly to kaolin; and often this alteration 
following the almost rectangular cleavage- cracks, has isolated 
small spherules of unaltered mineral. Inclusions are very common, 
and usually the matter of the inclusions closely resembles the 
base of the rock ; and even wdien it differs, it is seen to bo only in a 
slightly different state of alteration, for transitions may be traced. 

In the specimen, which looks, w^hen weathered, most like an ash (from 
the S.E. crags, 300 feet* from the summit), the inlets of the base are 
most obviously connected with growth ; for from their shape they 
could not be accidental fractures, as a glance at fig. 4 will show. In a 
specimen taken at the northern end, 400 feet from the summit (fig. 3), 
Prof. Bonney noticed a little epidoto and serpentinous aggregates 
enclosed in the felspar, and the latter arc pretty common in other 
specimens. 

* These, and the other distances given, express vertical height. 
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Fig. 8. — Fel^ar-^crygtal in andesOe at JV. end of Moelr-y^Qolfa^ 
400 ft. from summit^ showing fraciuree of crystal (a) and inclusion 
of serpentine (b). 



Fig. 4 . — Edge of felspar crystal showing inclusions of hose. 



2. Pyroxene, There are two forms of this mineral present: 
(a) Rhombic pyroxene^ in octagonal or elongated sections, indicating 
a good development of pinacoidal faces truncated by those of the 
pnsm. There is a good cleavage parallel to the best-developed 
pinacoid, but no trace of an} other cleavage. The ciy^stals are ter- 
minated by oblique faces, probably domes, which are generally only 
developed at one end of the cr}stal. The structure is slightly 
fibrous, and there are curious lamelte of darker green mineral gene- 
rally parallel to the principal pinacoid. It is slightly dichroic, 
pas'^ing from greenish yellow, when the cleavage is parallel to the 
short axis of the nicol, to light straw-} ellow when placed at right 
angles. The maximum extinction takes place when the cleavage is 
parallel to one of the vibration-planes of the crossed nicols, and the 
polarization colours are not of a very high order. It occurs in 
crystals of all sizes, retaining its shape down to the smallest prisms. It 
is best observed in its unaltered state in the great crags running round 
the E. and S.E. side of the hill, at a vertical distance of from 300 to 
400 feet from the summit, but in an altered state it occurs in almost 
all the lavas, being replaced by a green or brown serpentinous 
pseudomorph, in the manner so admirably figured by Mr. W. Cross*. 
The serpentine needles frequently have a radial arrangement, and 
there is more alteration in the large than in the smaller crystals. 

* Bulletin, United States Geol. Surv. I 1885, pi. ii fig. 8. 



642 


W. WATW Olf THB WHBOIfB Am 


In some of the specimens minute short needles ot green mineral 
occur, arranged parallel to the pinacoid ; in others they are longer 
and look more like distinct twins ; exactly similar needles are fre- 
quently sown broadcast through the ground of ^ the rock,^ They are 
somewhat opaque, and it is diiKcuit to determine anything definite 
about them ; they ap|>ear to bo dichn>ic ami to have a high extinc- 
tion-angle, so they may possibly Iw an abnormal form of augite. 

The hvpi'rsthcne describt'd by Mr. Whitman CYoss* shows pris- 
matic cleavage: that uotictHl by Mr. Tvall fiom the Cheviots f 
appears to have no pinacoidal cleavage : the hypen*thene in a ifont- 
serrat Java described by Mr. Waller too, shows j>riMaatic as well 
as a brach3rj)inacoidal cleavage ; and all these are different in colour 
and in polarization-tints from the mineral here described. On the 
other hand the enstatite of Evcott IJill, described by Prof. Jfonney§, 
is like this in shape, colour, cleavage, tihrous structure, and altera- 
tion, so that the mineral is some form of enslatitc or bronzite. 
Prof, liosenbusch too speaks of a similar mineral with pinacoidal 
cleavage. 

(/>) Moaocli/tfc pifroxene. In the best-preserved specimens there 
is often sufficiently preserved to be recognizable a considerable 
quantity of augite, though the enstatite predominates over it. It is 
often altered to greenish chloritic products, and even further to 
calcite. 

3 . Amphihole, In one or two of the slides there is pretty cha- 
racteristic brown dichroic hornblende, and in many of them are 
elongated and basal sections which, though very highly altered, must, 
from their outline, be referred to this mineral. 

4 . Magnetite, Ihnenlte, and Hamatite, are all of them present, the 
second probably in greatest quantity, in distinct crystals generally 
of a fair size though often in quite minute grains. Haematite is 
common in the felspars and pyroxenes where the rock is in an 
exposed situation, and tints the cr}8tals and cracks with its charac- 
teristic colour. 

5 . Black mica has been suspected by Prof. Bonney in at least one 
of the slides, but it is evidently a rare accessory. 

6. Apatite occurs, too, in several of the specimens, in clear elon- 
gated needles, and is evidently a product of early consolidation. 

7 . There are many alteration-products, mostly of a 8017)01111110 us 
nature, but some are clear and bright and colourless. 

The ground-mass of the rook is a close fdt of colourless micro- 
liths apparently of felspar ; it breaks up into a pale mosaic between 
crossed nicols ; amongst these are innumerable opaque, whitish and 
greenish bodies, whose presence renders it exceedingly difficult to say 
whether the base has any glass left in it. I have been unable, after 
the most minute search, to detect any unindividualized glass in the 
matrix, though in a few base inclusions in the felspar I think there 

^ W. Cro»8, loc. cit. p. 21 . 

t Teall, Geol. Mag. dec. ii. vol. x. p. 103. 

1 Waller, ihUl. p. 291, 

§ Bonney, Geol. Mag dec. iii, \ol, i. p. 77. 
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is a little still left. That it has once been a glass^ I thinks admits 
of little doubt. In some of the specimens were indications of flow- 
structure ; out of this magma the pyroxenes appear to have crystal- 
lized first, and then the felspars. The average sp. gr. of the rocks 
is 2*66. 

This description makes it pretty evident that we have here a group 
of andesites of that type becoming so widely known now as bearing 
rhombic pyroxene. This particular group appears to deserve the 
name of enstatite-andesites, or some might prefer to call them 
enstatite-porphy rites. Prof. Bonney says, “ I could imagine some of 
the lavas I have from the Andes getting to look like this rock and 
the resemblance between their structure and that of the E(»enau 
andesites is most marked. 

Most of them are undoubtedly lava-flows, and have been denuded 
to form conglomerates, the pebbles of which obviously consist of 
this rock, and the microscope completely confirms the identification. 
The ashy matter in which the pebbles are imbedded consists of 
broken crystals, like those in the andesite ; and the Middletown ash 
might have been formed from such felspar crystals as occur in it. It 
is, as I have stated before, highly x>robable that some few of the 
bosses of rock may be intrusive. There are one or two small veins 
of it, too, intruded into the ash of Middletown quarry. 

2. Newer Series, 

Belan Bank, two hills N. and 8. of the chapel at Bausley — the latter 
connected with Bnmfoid Wood by dykes — Kodno}’s Pillar Hill, the 
Criggan, Pool Coppice, the Little Garreg near Trewern, a small 
rock near Cefn, at Buttington, and a small intrusion on Bulthey Hill, 
are all composed of varieties of intrusive igneous rock. 

Macroscopically, it varies from dark grey rock, in which there are 
obvious crystals of pyroxene and felspar, to a green type, in which 
the crystals are less obvious and more decomposed. One rock in 
Brimford Wood contains a much elongated variety of augite and large 
felspars, so that it looks at first rather like a gabbro. Amygdaloids 
occur commonly, particularly at Bodney’s Pillar Hill, and there are 
similar rocks right down to the base of the hill, which I examined 
in the company of Mr. Silvester and some others of my students ; 
occasionally the vesicular structure is deceptive and due to the sur- 
face-weathering of some of the minerals ; but in all the massifs some 
true amygdaloids can be found. The rock usually weathers brown, 
and is divided into large irregular columns on the summit of Rodney’s 
Pillar Hill. The varieties group themselves under three main heads, 
BO descriptions of specimens from a few typical localities will give 
the best idea of the structure of the rocks. 

(a) Rodney’s Pillar Hill, Criggan, Belan Bank, and Trewern. 
This type is green and shows lath-like felspars and pyroxene ; it is 
granular in aspect, and there is not the obvious ground-mass of the 
andesites. It is often amygdaloidal, the kernels consisting of calcite. 
The rock is often ophitic in structure, but frequently there are 
spaced between the minerals occupied by opacite, apparently an 
aJ.G.S. Ho. 164. 2 a 



544 


W. W. WATTS ON THE IGNEOHS AND 


alteration-product. There are often two generations of felspar, 
larger lath-shaped porphyritic crystals and small microliths ; both 
appear to be labradorite, though they are a good deal decomposed 
into greyish granular products ; occasionally there are inclusions of 
serpentine in the felspar. 

The Pyroxene is of two kinds. Colourless augite with marked 
cleavage- and growth-lines, often twinned, occurs in large and small 
irregular grains polarizing with bright colours and giving the usual 
high extinction-angle of augite ; it fits in between the other consti- 
tuents. Grains of rhombic pyroxene are also present in great 
quantity, though generally much decomposed ; it is groen, fibrous, 
and dichroic, changing from full green to light straw-} ellow, and 
with one marked cleavage, so that it is the mineral that charac- 
terizes the andesites, namely, enstatito. It is altered generally into 
brownish fibrous matter, and still further into a mass of serpentine. 
The enstatite is present in much greater quantity than the augite. 

Many scattered grains and crystals of magnetite and ilmenite are 
present, having evidently consolidated first, followed by the felspar, 
and that by pyroxenes, of which the enstatite probably solidified 
earlier than the augite. A highly altered form of this type presents 
the same characters, while the augite remains unaltered ; the serpen- 
tinous products in shape and structure suggest the form of enstatite 
rather than that of olivine ; opacite occupies the spaces between the 
cr}stal8. A good deal of calcite is present in some of them, in- 
vading the serpentine first and then the felspar. 

The average sp. gr. of the rock is 2*7. It must be called an ensta- 
tite- diabase or dolerite. 

{h) HiUs X. and S. of the Chapel in liaiisley village. This is the 
dark-grey variety showing large distinctly twinned felspars and 
obvious pyroxene. It looks much like the Whin-Sill diabase, but the 
resemblance disappears under the microscope, which also reveals that 
a greater change has taken place in the rock than would be suspected. 
The structure of the rock is generally ophitic, the two principal 
ingredients being closely crystallized together ; but occasionally there 
are felspar microliths or opacite lietween the cr}'Stal8. There is an 
unusually large proportion of plagioclase in large crystals, but the 
pyroxene is almost unrecognizable ; I think, however, I make out a 
little avgite^ and there are the usual serj)entinou8 replacements which 
suggest the presence of enstatite^ though often the grains are edged 
with calcite. The serpentine fibres are arranged in little radiating 
groups, and opaque whitish stuff often occurs between the crystals, 
probably an alteration-product. The sp. gr. of this rock is 2’697. 

(c) A variety appears in Brimford Wood, apparently in segregation- 
veins, which is rather different from the other types. The structure 
is ophitic, large crystals of three minerals having formed together. 
The felspar is much decomposed, but is evidently plagioclase, the 
augite in large clear colourless crystals, and there is a serpentinous 
mineral in great quantity which might be a replacement of olivine 
or enstatite, but Prof. Bonney, who has seen the slide, thinks proba- 
bly the former, and mentions rocks from North Wales rather like 
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this one. Where thrust in thin dykes into the shales, larg^e felspars 
are still visible, but they are set in a microcrystalline matrix com- 
posed of small felspar crystals and calcite, which latter has taken the 
place of all but the felspar, and even attacked that. This rock is 
either an enstatite or olivine diabase. 

These rocks are all intrusive into the Criggion shales surrounding 
them, and evidence of this is abundant throughout the district. On a 
small branch of Belleisle Brook the subjoined section (fig. 5) shows the 


Fig. 5 . — Section in small tributary of Belleisle Broolc, 
(Length 15 feet.) 



D. Diabase intrusive in shale, S'. 

S". Fragment of shale caught in diabase. 


intrusion of diabase, and at least two other distinct veins of it have 
been found in other parts of this brook and its tributaries, connecting 
the Brimford Wood with the northern massifs. Then, again, the 
actual contact is seen to the west of the Criggan, where the diabase 
alters the shales very considerably at contact. A thin section of 
shale taken from this spot shows a development of small scales of 
white mica and of greenish brown dichroic mica parallel to the 
lamination ; but the most interesting feature is the incipient breccia- 
tion of the rock by a number of minute faults evidently caused by 
the violence of intrusion. The faults vary in throw from *2 to *03 
inch, and some of the very smallest may be as little as *006 inch in 
throw ; most of them are normal, but the largest and a few others 
are reversed — I count 14 of them in a specimen 2 inches long. On 
the S.E. side similar hardening takes place, the shales often being 
burnt red ; but I cannot recognize any secondary crystallization. At 
Trewem and round Kodney’s Pillar Hill the shales are also much 
contorted and hardened near the junction ; in the quarry near But- 
tington station sand-beds are converted into quartzite. 

As to the age of the diabases, we cannot do much more than con- 
jecture. In no place do they actually traverse Silurian rooks, but 
near Buttington the later rocks are as remarkably disturbed as the 
Cambrian, and I trace this disturbance to the intrusion of igneous rock. 
If they are really post-Silurian it is very difficult to assign their 
exact age ; for in this part of the country most of the post-Silurian 
igneous rocks are later than early Carboniferous, and are dolerites 
much less altered than these, and with a different mineral composition 
and structure. It is of course possible that they may belong to the 

2q2 
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Old Red Sandstone period ; but sncli rocks are ibseni from central 
England. There is one area which may afford some clue to this 
question, and that is the N.W. corner of the Coni cion district, whore 
similar diabases break through Cambrian and Silurian rocks. I 
have already begun to work there with the obj<‘ct of determining 
this point amongst others, but have not yet ariived at any suffi- 
ciently definite results. 


Discussion. 

Prof. T. Rupekt Jones, while thanking the autlior of the paper, 
suggested that he should refer to the several groups of strata 
rather than use the names Cambrian and Silurian, the aj>pli- 
cation of which is uncertain. Avoiding that subject, he wished to 
ask about the nodular trap-rock on the Shrewsbury road at the foot 
of the Breidden. 

Mr. Cole had examined the Comdon masses and found a striking 
similarity between them and the rocks described by the author. 
He had himself found enstatite in the Comdon rocks, among 
which were probably some andesitic glasses. 

Mr. Teall congratulated the author on his valuable paper. He 
would like to see some agreement as to the use of the terms ande- 
site and porphyrite. Most of the so-called porphyrites that he had 
examined were merely altered andesites, and he was at present in- 
clined to use the term in this sense. If this view were adopted, then 
the interbedded igneous rocks described by the author would have 
to be called porphyrites. This, however, was a ver\’ trivial 
criticism. The intrusive enstatite diabases were probably very 
similar in chemical composition to the altered andesites. 

The Author said that be had endeavoured to avoid the difficulties 
about understanding the sense in which “ Cambrian ” and “ Silurian 
were employed, by using local names for the several rocks. He 
thought the term porphyrite might he restricted to certain classes of 
altered andesites. 
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41. On the CoBBBLATioNS of the “ Cebiositt-Seop Bed ’’ in Canteb- 
DEBT, I^EW Zealand. By Captain F. W. Hutton, F.G.S. 
(Bead June 24, 1885.) 

The River Rakaia, after leaving the mountains, flows in a south- 
east direction across the Canterbury Plains. In cutting its way 
down through the shingles and silts of these plains, it has come 
across and exposed on its left bank a small patch of calcareous and 
arenaceous rooks, which are so full of fossils as to have given the 
name Curiosity-Shop ” to the locality. It is situated between five 
and six miles below the bridge over the Rakaia Gorge. 

I visited the Curiosity-Shop in February 1873, and made the 
accompemying section (fig. 1). All the exposed beds dip 20° E.S.E., 
and they appeared to me to belong to a single series. 

Fig. 1. — Cunoaity-Shop on the left hank of the Rakaia River* 

(Length about 40 yards.) 

N.w. sx 



1, River gravels : the upper part coarse shingle; the lower yellow sand and 

small shingle. 

2. Grey soft sandstone. 

3 and 4. Calcareous sandstone, with green grains in the upper part, with ir- 
regular layers and pockets of clay in the middle portion. (Fossils.) 

5. Brown soft sandstone. 

Mr. A. M®Kay, of the Geological Survey, has given a detailed 
description of these beds which I have embodied in the following 
Table 

1. River-gravels. 

Pareora Series. 

2. Loose grey quartz sands, 15 feet thick, with a bed of badly 

preserved shells. 

Upper Eocene Series. 

3. Soft calcareous sandstone, 10 or 12 feet thick; in the 

upper part highly charged with glauconite; passing 
downwards into irregular beds of tufaceous clay. 

* Reports of Geological Explorations, 1879-80, p. 77. 
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Cr 0 tae 6 <hTerHary Series. 

4. CiBloaroous sandstono without glaucouita grains. 

6. Loose grey or yellowish-brown sands ; 36 feet thick. 

Kos. 2 and 5 are much obscured by shingle-slips from the high 
river-bank. 

The upper part of No. 3 is the principal horizon for fowils, 
although they are also fpund in No. 4. A list of the fossils obtained 
by Mr. M®Kay is given in his Eeport, in which he remarks that ** all 
the shells and other fossils collected come from the highest of the 
upper calcareous rocks (No. 3). The overlying loose sands have 
b^n removed from an area some 30 feet in length by 10 feet broad, 
and on this surface a great number of the smaller shells &c. were 
picked up. Collecting these, I next turned over a considerable 
amount of the soft underlying rock, and in this I obtained many 
species, which, in weathering out, suffered so much damage that, as 
weathered specimens, they were not worth preserving. With the 
exception of Zinia Icevv/ata, the lower fossiliforous beds (No. 4) 
appear to differ mainly in the absence from them of many of the 
forms found in the higher beds ; and the fossils in this lower part 
of the calcareous rocks being difficult of extraction, I contented 
myself with those more easily obtained from the higher beds {L c, 
p. 80). In the Canterbury ^iJuseum, however, there are specimens 
of Lima Imngata from the glauconitic limestone (No. 3), and so it 
seems that No. 4 has not a single fossil which is not found in No. 3. 
Consequently there can be no palaeontological reason for putting 
these beds into different systems. 

Mr. McKay’s reasons* for dividing the beds arc the following : — 
He considers the lower sands (No. 5), from their appearance, to be 
the same as certain sands in the Malvern Hills, which are striking 
in the direction of the Curiosity-Shop, but are some four or five 
miles distant. These sands in the Malvern Hills form the upper 
part of the coal-measures, and are generally acknowledged to 
belong to the Waipara System. Mr. M®Kay then points out that the 
sands in the Malvern HiUs are covered by anamesitos, which, 
according to Dr. von Haast, are identical with anamosites inter- 
bedded with the “ Weka-pass limestone at Timaru, 00 miles to the 
south. “ With this,” he says, “ the unavoidable conclusion as far 
ns the sandy beds are concerned, I cannot but agree, and am there- 
fore bound to consider the lov or sands at the Curiosity-8hop as 
belonging to some part of the Crctaceo-Tertiary series ” (I, c, p. 78). 
The upper calcareous bod (No. 3) he considers, from its fossils, “ to 
belong to the ^ Hutchinson’s-Quarry beds,^ or the Mount-Brown 
limestone, the higher beds of the section being referred to the 
Pareora formation, which everywhere succeeds with apparent con- 
formity.” And so he advances to this conclusion : — “ There is a 
necessity for having an unconformity somewhere in this section, 
since it cannot be supposed, with the evidence to the contrary which 
has already been adduced, that the Pareora beds are conformable 
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to the lower beds of the Cretaceo-Tertiary series t* It remains, 
therefore, that the unconformity must be placed either below the 
limestones and calcareous greensands altogether, or — where I incline 
to put it — ^between the upper and lower parts of this division.” 
Accordingly in his section he shows No. 3 quite unconformable to 
No. 4. 

I have given Mr. McKay’s argument as fairly as I can ; but it wOl 
be unnecessary to criticise it, although it is favourably noticed by 
Dr. Hector (I c. p. xvii). I have mentioned it to show how ahght 
is the foundation for introducing an unconformity into this section, 
which is published by the Survey, and reproduced by Dr. Hector in 
his Progress Report. As the fossiliferous bed, No. 3, is allowed by 
Mr. M®Kay and by Dr. Hector (‘ Geological Reports,^ 1883-4, p. xiii) 
to belong to the Oamaru series, it does not matter for my present 
argument what age the underlying beds are supposed to be of. My 
object is to attempt to correlate bed No. 3 with other rocks in 
Canterbury and Otago. Through the kindness of Dr. von Haast, I 
have been allowed to examine all the Tertiary New Zealand fossils 
in the Canterbury Museum, and consequently I am in a position to 
make a more complete list of the Curiosity-Shop fossils than has 
hitherto been given, and to add several species to the list from the 
Weka-pass stone. Dr. Hector has also allowed mo to examine the 
Ototara fossils in the Wellington Museum, so that I can now give a 
tolerably correct list of them also. 

List of Fossils from, the Curiosity-Shop, 

♦ Species marked with an asterisk arc also found in rocks recog- 
nized as Crctaceo-Tortiary by Dr. Hector in Geol. Reports, 
1881, p. 118, xc.-vi. h, 

Vertebrata. 

♦PALiEEunYPTES ANTARCTicus, Huxley, Quart. Joum. Geol. Hoc. 
1859, p. 670. 

These specimens have been determined by Dr. Hector (Geol. 
Reports, 1 879-80, p. xvi) ; also found in the Ototara building- 
stone ; at Brighton on the west coast ; and at the horizon of the 
Weka-pass stone at Amuri Bluff. 

♦Caecharodon anoustidens, Agassiz, Poiss. Foss. vol. 3. 

Found also in the Weka-pass stone ; in the Waihao limestone ; 
and in the neighbourhood of Oamaru, the exact locality not known. 

Mollusc a, 

SiPHONALiA dilatata, Quoy and Gaimard Toy. ‘ A^strolabe,' 

Zool. ii. p. 498, pi. 34, f. 15, 16. 

Reported by Mr, M®Kay. I have seen no specimens. This 
species is still living, and extends through the Wanganui and 
Pareora systems. 


t Op, cit, p. 80. 
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♦Anoielaria australis, Sow. ; Eeeve, Conch. Icon. f. 7. 

Reported by Mr. M®Kay. I have seen no specimens. This 
8])ecies is still living, and extends through the Wanganui and 
Pareora systems. According to Mr. M®Kay it is also found in the 
Cretaceo-Tertiary beds at Trelissic Basin (Geol. Reports, 1879-80, 
p. 70). 

*Voluta PACIFICA, Lamarck ; Quoy and Gaimard, Voy, ‘ Astrolabe,’ 
Zool. ii. p. 025, pi. 44, f. 6. 

Reported by Mr. M®Kay. I have seen no specimens. This 
species is still living, and extends through the Wanganui, the 
Pareora, and the Oamuru systems. It is also found in the Weka?- 
pass stone, in the Ototara limestone, and at Caversham, in rocks 
considered as Cretaceo-Tertiar}* by Dr. Hector. 

♦Marginella dijbia, Hutton, Cat. Tertiary Moll, of H. Z. 1873, 

p. 8. 

Reported by Mr. M'Kay. Also found in the Cretaceo-Tertiary 
rocks of Trelissic Basin (/. c, p. 70). 

^Cassis senex, Hutton, Cat. Tertiarj' Moll, of N. Z. 1873, p. 11 
(/S tni thi olaria ) . 

Better specimens have enabled me to refer this shell to its true 
genus. It is also found at Caversham and in the Weka-pass stone ; 
Also in the Hutchinson’s-Quarry beds at Oamaru ; and in the Pareora 
system at Pareora. 

Hatica solida, Sow. in Darwin s Geol. Obs. in S. America, p. 225. 

Found commonly in the Pareora system ; in the Otakaika lime- 
stone, and, according to Mr. M'Kay, in the Upper Eocene, and 
doubtfully in the Cretaceo-Tertiary rocks of Trelissic Basin. 

I doubt this being Sowerby’s species. 

♦Turritella gig antea, Hutton, Cat. Tertiary Moll, of H. Z. 1 873, 

p. 12. 

Reported by Mr. M^Kay. It is also found at Caversham, and in 
the Pareora system at Pareora. 

♦Bcalaria lyrata, Zittel, Reisc dcr ‘ Novara,’ Geol. ii. p. 41. 

Also found in the Weka-pass stone; in the Ototara stone; at 
Aotea, and at Port Waikato. I do not see how this species is to be 
distinguished from S, ru^ulosa^ How., from Chili. 

♦ScALABiA Browni, Zittel, Z. c. p. 42. 

Foimd also at Brighton on the west coast ; at Aotea ; and in the 
Pareora system at White-Rock River. No doubt it is a variety of 
the last species. 

ScALARiA MARGiNATA, Huttou, Trans. N. Z. Institute, vol. xrii. 1886. 
A well-marked species that has not been found elsewhere. 
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♦Tboohila neozblanioa, Lesson, Yoy. ‘ Coquille/ ZooL ii. p. 395. 

T, maculata^ Eeeve, Conch. Icon. f. 15. 

Eeported by Mr. M®Kay. This species is still living, and extends 
through the Wanganui and Pareora systems; and, according to 
Mr. M®Kay, is also found in the Cretaceo-Tertiary rock of TreUssic 
Basin. 

Dentamtjm gioantbtjm, Hutton, Cat. Tertiary Moll, of N. Z. 1873, 

p. 2. 

Eeported by Mr, M®Kay. Found also in other places in the 
Oamaru and Pareora systems. 

♦Tekedo (?) Heaphyi, Zittel, Eeise der ‘ Novara,^ Geol. ii. p. 45, 
taf. xiv. f. 4. 

Cladopora directa, Hutton, Trans. N. Z. Inst. vol. ix. p. 597. 

Also occurs in the Waihao greensands, and at other places in the 
Oamuru and Pareora systems. 

♦pANOPiEA OBBITA, Hutton. 

2\ plicatay Hutton, Cat. Tertiary Moll, of N. Z, 1873, p. 17 (not 
of Sowerby). 

Eeported by Mr. M®Kay. Found also at Eaglan, and in several 
locfilities in the Pareora system. According to Mr. M®Kay it occurs 
in the Upper Eocene and Cretaceo-Tertiary rocks in Trelissic Basin. 

Lttcina dentata, Wood, Gen. Conch, p. 195, pi. 46. f. 7. 

Eeported by Mr. M®Kay. This species is still living, and extends 
through the Wanganui, Pareora, and Oamaru systems. 

Mysia globularis, Lamarck, Anim, sans Vert. vi. p. 231. 

Eeported by Mr, M®Kay. This species is still living, and has 
not been found elsewhere in rocks older than the Wanganui system. 

Cbassatella obesa, Adams, Proc. Zool. Soc. 1852, p. 90. 
d. Trailli, Hutton, Cat. Tertiary Moll, of N. Z. p. 24. 

This species is still living, but has only been found in rocks 
belonging to the Pareora system. 

*CucuLL.ffiA ALTA, Sow. in Darwiu’s Geol. Obs. in S. America, 
p. 252. 

Found also at Kakanui and Eaglan, and in many places in the 
Pareora system. 

♦Peoten Wiiltamsoni, Zittel, Eeise der ‘ Novara,’ Geol. ii. p. 60, 
pi. ix. f. 11. 

Found also in the Weka-pass stone, at Aotea, Eaglan, and on the 
coast south of Port Waikato. This may be the P. gemmulatu$y 
Eeeve, mentioned by Mr. M®Kay. 
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*FMnir OHAXKAioniBiB, C*t. Tertiwy Mott, of N« Z. p, 29, 

Bqmited by Mr. M'Kay. Found also on the eaat oout «rf Wel- 
lin gfaM., in Pnreora rocks; and according to Hr. H'JCay, in the 
Upper Eocene and Cretaceo-Tortiaiy rocks of the TreKssio Basin. 

•PnOTKH’ Hocbsibiteki, Zittel, Reise der ‘ Novsth/ Goal, ii, p. 60, 

pl. zi. f. 5 a. 

Found also in the Woka^pass stone ; in the Ototara stone ; at 
Oaversham; Point Elhcabeth; Aotea; liaglau, and coast to the 
north. Also in the Fareora system at Waikari and Motanau. 

♦Pbctew HxrrcHrNrsoNi, Hutton, Cat. Tertiary Moll, of N. Z. p. 31. 

Found also in the Weka-pass stone ; at Kakanui, and in several 
places in rocks belonging to the Oamaru system. Also, according 
to Mr. M®Kay, in the Upper Eocene and Cretaceo-Tortiarj’ rocks in 
the Trelissic Basin. 

♦Lima l^vigata, Hutton, op, cit, p. 33. 

Reported by Mr. M^Kaj . Found also in the Cobden limestone ; 
at Waihola gorge m Otago ; at the Heathstock-Road Quarry in the 
Weka-pass stone ; and in the Mount-Somers building-stone. 

Lima paucisitlc^ta, Hutton, op, cit, p. 33. 

Reported by Mr. M'Kay. Found also at Cajie Farewell. 

Lima pai^eita, op, cit, p. 33. 

Found also in the Ototara stone, and the Mount-Somers building- 
stone. 

Lima mitltih^diata, op cit . }). 33. 

Probably a variety of the last. Not known elsewhere. 

Lima cbassa (?), Hutton, op. cit. p. 33. 

Reported doubtfully by Mr. M'Kay. This species is perhaps the 
same as the recent L. neozelanrlicay How. (P. Z. 8. 187G, p. 754). 
It is found in several localities in the Pareora system. 

Bbachiopoda. 

Tbbbbbatula ALDING.E, Tato, Trans. Phil. Soc. of Adelaide, 1880, 
p. 5, pl. X. f. 2. 

Not known from any other locality in New Zealand, 

♦Waldheimia lehtjculabib, Heshayes, Mag. Zool. 1841, t. 41. 

A living species extending through the Wanganui, Pareora, and 
Oamuru systems. Found also in the Weka-pass stone, and in the 
Waihao limestone. 

♦Waldheimia teiahgulakis, Hutton, Cat. Tertiary Moll, of N. Z. 
p. 36. 

Reported by Mr. M'Kay. Found also in the Weka-pass stone, 
and in various places in the Oamaru and Pareora systems. 
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•Waiodhbimii PATA0OKICA, Sow. in Darwin^e GeoL Obs. in 8, 
America^ p. 252. 

Found also in the Cobden limestone, and in various places in the 
Oamaru and Pareora systems. 

♦?Tbhbbbatblla snrirATA, Hutton, Cat. Tertiary Moll, of N. Z. p. 36. 

Found also in the lower beds in the Trelissic Basin, and the Upper 
Eocene beds at Oamaru. 

♦Teeebeatella Gaulteri, Morris, Quart. Joum. Geol. 8oc. 1850, 
vi. p, 329. 

Found also in the Ototara stone, and at Eaglan. 

♦Terebeatella Suessi, Hutton, Cat. Tertiary Moll, of If. Z. p. 37. 

Terehratelld^ ap., Siiss, Reise der ‘ Jfovara,^ Geol. ii. p. 67, taf. ix. 
f. 6. 

Found also in the Cretaceo-Tertiary rocks of the Trelissic Basin 
(M‘’Kay). 

Tekebratellv eurcultfera (?), Tate, Trans. Phil. Soc. of Adelaide, 
1880, p. 22, pL xi. f. 7. 

Not known elsewhere in New Zealand. 

lliiYNCHONELLA NIGRICANS, Sow. Thes, Couch. i. p. 342. 

A still living species extending through the Wanganui, Pareora, 
and Oamaru systems. 

^Ruynchonella squamosa, Hutton, Cat. Tertiary Moll, of N. Z. 
p. 37 ; Tate, I, c, pL ix. f. 9. 

niijrimns^ yht, pyxidata, Davidson, Voyage of the ‘ Challenger,^ 
Zool. i. p. 59. 

A living species found also in the Cretaceo-Tertiary rocks of the 
Trelissic Basin (M^-'Kay), 

Eohinodermata. 

Fentackinus stellatus, Hutton, Cat. Tertiary Moll. & Echin. of 
N. Z. 1873, p. 38. 

Found also at the Chatham Islands. 

*Ci DARTS striata, Huttou, I , c. p. 38. 

Found also at Brighton on the west coast. 

♦Echinus Enysii, Hutton, Z. c. p. 39. 

Also found, according to Mr. M^Kay, in the Upper Eocene and 
Cretaceo-Tertiary rocks of Trelissic Basin. 

Lovbnia FORMOSA, Zittel, Reiso der ^ Novara,’ Geol. ii. p. 63, pi. xii. 
f. 2. 

Also found in several localities in Upper Eocene rocks. Probably 
not specifically distinct from L. tuherculata and L. ForhesiL 
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Hemiasxeb (?) posiTus, Hutton, L e. p, 42. 

Not known from any other locality. 

♦Mboma (?) Ckawfokdi, Hutton, 1. c. p. 42. 

Also found in the Weka-pass stone; the Ototara stone; Caver- 
sham ; Maerewhenua limestone, and many other places. Much like 
Megalaster compressus^ Duncan (Quart. Journ. Gcol. Soc. 1877, xxziii. 
p. 61), which is the same as Pericosmus comjpressus of M®Coy. 

MeOMA (?) TTJBBRCULATA, HuttOU, 1. C. p. 43. 

Eeported by Mr. M®Kay. Also found in the Upper Eocene beds 
at Trelissic Basin. 

Bbtozoa. 

Selenaria hemispblerica, Busk, MS. (?). 

Woods, Geol. Obs. in S. Australia, p. 73, pi. ‘ Fossil Bryozoa,’ 
f. 3. B«ferred with doubt, as no specimens have been compared. 
Our species is also found in the Upi)er Eocene rocks of Mount 
Brown. 

Ccelenterata. 

•Graphtjlaria (?) sENEscENs, Tate, Quart. Joum. Geol. Soc. vol. 
xxxiii. p. 257. 

Found also in the limestones of Otakaika, Maerewhenua, and 
Waihao. Identified by Dr. Hector after comparison with S. Aus- 
tralian specimens (Geol. Reports, 18hl, p. xxix) ; he considers them, 
however, to be spines of Cldaris. 

This list contains 48 species, of which 29 or 30, including both 
the vertebrates, are also found in rocks regarded as Crotaceo-Ter- 
tiary by the Geological Survey. Also 22 species are found in the 
Pareora system or later, of which 14 are also found in the Creta- 
ceo-Tertiary series. There are 10 or 1 1 species not found either in 
the Cretacoo-Tertiary or in the Pareora. The Curiosity-Shop beds 
are therefore more closely related paheontologically to the Cretaceo- 
Tertiary than to the Pareora, while the number of peculiar species is 
not sufficient to make them stand separately as an Upper Eocene 
system. I will now, therefore, take some other localities of Cretticeo- 
Tertiary rocks for comparison. 


List of Fossils from the Weka-pass Stone, North Canterbury. 

* Species marked with an asterisk are also found in the Curiosity- 
Shop beds, or in acknowbdged Upper Eocene rocks, or younger. 

Yebtebbata. 

Cetacb^ bones. 

♦PaLuBbubyptes ANTABcncus, Huxley. At Amuri Bluff. 
^Carchaboboh anoustidens, Ag. 
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* Mollfsoa. 

Attoia ziczac, var. afbtralis, M®Coy, Prodr. Palseont. Victoria, 
Decade ii. p. 21, pi. xxiv. 

Found also in the Kakanui limestone, and at Waihemo in the 
Shag Valley, Otago. 

^VoLFTA PACIFICA, Lamarck. 

Var, elongata, Swainson. 

♦VOLTJTA ATTEND ATA, HuttOU. 

F. elongata, Hutton, Cat. Tertiary Moll, of N. Z. 1873, p. 7 (not 
of Swainson). 

Found also in the Pareora system at Pareora, and, according to 
Mr. M‘'Kay, in the Cretaceo -Tertiary series at Trelissic Basin. 

♦Cassis senex, Hutton. 

ScALARiA ROTUNDA, Hutton, Cat. Tertiary Moll, of N. Z. 1873, p, 10. 

Found also at Brighton, on the West Coast, associated with hones 
of Pal<reudyjgtes antarcticus and Turtle. 

♦ScALABIA LITRATA, Zittel. 

♦pLETJBOTOMARiA TERTiABiA, M^Coy, Prodr. Palseont, Viet., Decade 
iii. p. 23, pi. XXV. f. 1. 

Found also in the Ototara stone, and in the Upper Eocene lime- 
stone of Mt. Somers. 

♦Peoten Williamsoni, Zittel. 

♦Pecten Fischeri, Zittel, Eeise der ‘ Novara,^ Geol. ii. p. 53, pi. ix. 
f. 1, 2. 

Found iJso in the Ototara stone, and, according to Mr. M®Kay, 
in the Upper Eocene rocks of Trelissic Basin. 

♦Pecten Hutchinsoni, Hutton. 

Pecten Beethami, var. Hutton, Cat. Tertiary Moll, of N. Z. 
p. 32. 

Found also near Caversham, near Dunedin. 

♦Pecten Hochstetteri, Zittel. 

♦Lima L2bvigata, Hutton, 

Bbachiopoda. 

♦Tbbebrattjla (?) BULBOSA, Tate, Trans. Phil. Soc. of Adelaide, 
1880, p. 6, pi. vii. f. 5. 

Waldheimia concentrica, Hutton, 1. c, p. 35. 

Reported by Mr. M^Kay from the Upper Eocene and Cretaoeo- 
Tertiary rocks of Trelissic Basin. 
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♦Walphkimia UBBTicuL^iKis, DesbayoB. 

♦Waidueimia triaegflakis, Hutton. 

Waxuheimia Tatlori, Etheridge, Ann, & Mag, Nat. Hist. 1876, 
vol. xvii. p. 18, pi. i. f. 3 ; Tate, I c. pi. xi. f. 2, 

Echinodermata. 

♦Meoma (?) Crawfordi, Hutton. 

Meoma (?) BRETiPEXALATA, Huttou, Cat. Tertiary Moll, and Echin. 
ofN.Z,p.43. 

Found also in the Cobden limestone, 

*ScHi 2 A 8 TER ROTUNDATUS, Zittel, llcise der ‘ Novara,^ Geol. ii. p. 64, 
taf. xi. f. 1. 

Found also in Upper Eocene rocks at Cape Farewell and Oamaru. 
Also at Aotea and Port Waikato. 

CoCLENTRRATA. 

SpuExoTRoenrs Htjttoxiantjs, Tenison- Woods, Palasont. of N. Z. 
pt. iv. Corals and Bryozoa, 18M>, p. 10, f. 9. 

♦Fiabellfm radians, Ton.-Woods, ?.c. p. 14, f. 13. 

Found also in the Ui)per Eocene rocks at Oamaru. 

♦Flabellum circflare, Ten.-Woods, h c. p. 32, f. 7. 

Found also at Wanganui. 

Of these 26 species, 12 (including 2 vcrte}>rate8) occur in the 
Curiosity-Shop beds, and 8 others are found in other places in 
New Zealand in rocks of Upper Eocene ago or younger. Of tlie 
remaining six, two arc Miocene fossOs in Australia. I cannot 
therefore hesitate in putting the Weka-pass stone into the same 
system as the Curiosity-Shop beds. Tt must also be noticed that 
Pecten Zittelli, Hutton (Cat. Tert. Moll. N. Z. p. 32), occurs in the 
Grey Marl ’’ above the Weka-pass stone t, which must also be re- 
ferred to the same series. 

List of the Ototara Fossils from Oamaru. 

♦ Species marked with an asterisk are also found in the Curiosity- 
Shop beds, or the Weka-pass stone, or in younger rocks, 

Ykrtebrata. 

♦Paijbeudtptes antarcticus, var. australis, Huxley. 

In the Ototara limestone. 

Mollusca. 

♦Aturia ziczAC, var. australis, M^^Coy. 

In the Kakanui limestone. 

t Quart. Joum. Geol. Soc. toI. xli. p. 274, and Oat. Colonial Museum, 
Wellington, 1870, p. 190 {Pecten pUuronectee), 
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•VOXTTTA PAOOTCA, VOT. BLOKGATA, SwainSOn. 

In the Ototara limestone. 

*SCALABIA LTEATA, Zittel. 

In the Ototara limestone. 

^Pletootomabia tbbtiabia, M®Coy. 

In the Ototara limestone of Cave Valley. 

^^^Dektalifm Maktelli, Zittel, Eeise dor ‘Novara/ Geol. ii. p. 45. 
D. irregvlare^ Hutton, 1. c. p. 1. 

At Mahemo. Found elsewhere only in the Pareora system. 

‘•‘CucTJLLiifiA ALTA, Sowcrhy. 

In Volcanic tuff at Kakanui. 

♦Pectek Hochstettebi, Zittel. 

In the Ototara limestone. 

♦Pecten Fischeri, Zittel. 

In the Ototara limestone at Cave Valley. 

♦Pbcten Hectobi, Hutton, Cat. Tertiary Moll, of N. Z. p. 30. 

In the Kakanui limestone ; also at Brighton ; and according to 
Mr. M®Kay, in the Upper Eocene rocks at Trelissic Basin. 

♦Pecten Htttchiksoni, Hutton. 

In the Kakanui limestone, and the volcanic tuff at Kakanui. 

♦Pectek Crawfordi, Hutton, Cat. Tertiary Moll, of N. Z. p. 32. 

In the volcanic tuff at Kakanui. Found also in the Pareora 
system. 

Pectek, sp. ind. 

Maheno. 

♦Pecten poltmorphoideb, Zittel, Eeise der ‘Novara,’ Geol. ii. p. 51, 
pi. xi. f. 3. 

In volcanic tuff at Kakanui ; also, according to Mr. M®Kay, in 
the Upper Eocene rocks at Trelissic Basin. 

♦Lima paleata, Hutton. 

In the Ototara limestone. 

BRAcmoponA. 

Waldhbimia orayida, Siiss, Eeise der ‘Novara/ Geol. ii. p. 56, 
pi. ix. f. 5. 

In the Kakanui limestone. 
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*WA 3 J>msaak sttfioata, Tate, Trans* Phil. Soo. of Adelaide, 1880, 
p* 18, pi. Tiii, f. 4. 

In the Kakanui limestone. Found also in the Pareora and Wan- 
ganui systems. 

uTesebratella Gaultbri, Morris. 

In the Ototara limestone at Cave Valley. 

Magasella Woodsii, Tate, Trans. Phil. Soc. Adelaide, 1880, p, 24, 

pi. X. f. 3. 

Wdldhelmla tapirina^ Hutton, h r, p. 38. 

In the Ototara limestone at Cave Volley. Also in the Cobden 

Umestone. 

Eciiikodeiimata. 

Maceopjteitstes C?) spATASCriTORMi'., Iluttoii, Cat. Tertiary ifoU. and 
Echin. of X. Z. p. 40. 

In the Ototara limestone ; also in the Cobden limestone. 

♦Meoma (?) Crawfordi, Hutton. 

In the Ototara limestone. 

Here again we have 21 species, of which 11, including Palmu- 
d If pies ^ are found in the Curiosity-Shop or the Weka-pass stone ; and 
ot the others, six are found in the Upper Eocene or younger deposits, 
leaving only four as possible Cretaceo-Tertiary forms, and these, it 
must be remembered, arc not identical with any Waipara fossils. 

Valley of the Waitaki. 

Although I am unable to give anything like a complete list of 
the fossils found in the Valley of the Waitaki, the district is too 
important to be passed over. The following arc mentioned by Dr. 
Hector and by Mr. M'Kay as occurring in rocks belonging to the 
Cretaceo-Tertiary series (R(‘p. Geol. Expl. 1«S81). 1 have also added 
lour others from the Waihao limestone in the Canterbury Mtiseum. 

Maerewhenua Limestone, 

Kekenodon onamata, Hector^ Trans. N. Z. Inst. vol. xiii p, 435, pi. x'viii. 

( 1881 ). 

Cetacean bones, in the lower part. 

Peoten Hochstetteri, Ziffd. 

Meoma (?) Crawfordi, Hutton, 

Graphularia (?) senescens, Tate. 

Flabellum circulare, Tcn,^ Woods, 

In 1880 Mr. M'Kay stated that the beds overljdng the Maere- 
whenua limestone must be referred to the Cretaceo-Tertiary series 
from “ the character of a majority of the fossils found in them ” 
(Geol. Bep. 1881, p. 69) ; but the next year ho referred this lime- 
stone with the overlying beds to the Upper Eocene, also on account 
of the fossils found in them (1. c, p. 103), Certainly there is no 
palaeontological reason for separating this limestone from the Woka- 
pass stone and the Curiosity-Shop beds. 
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Waihao Limestom* 

Oarcharodon angustidene, Ag, 

Waldheiraia lenticularis, JDeshayu, 

Eupatagua Grayi, Hutton, L c. p. 41 ; also found in the Oobden limeatone. 
Macropneustes (?) spatangiformis, Hutton, 

Graphularia (?) senescens, Tate, 

In “ Chalk-marls ” below the limestone are the following ; — 

Pecten Zittelli, Hutton, 

Sphenotroolius Huttonianus, Tenison- Woods, 

Here the Echinoderms are different from those of the Curiosity 
Shop and Weka pass, but one of them is found in the Ototara lime- 
stone ; and, as the beds are underlain by rocks containing the Pecten 
Zittelli and Splienotrochus Huttonianus of the Weka-pass stone, they 
cannot be looked upon as indicating a greater age. 

In Marly Greensands below the Limestones, 

At Maorewheiiua : — 

Cetacean bones. 

At Wharckauri : — 

Navitilua daniciis, HOrh. (?)* 

Ilarpactocarcinus tumidus, H. Woodward, Quart. Journ, Geol. Soc. 
> ol. xxxii. p. 7 1 ; found also at Brighton, and at Double Corner, N. Can- 
terbury. 

At Waihao ; — 

Aturia ziezac, var. australis, M^Coy, 

Pleurotoma, sp., like Pareora forms. 

Limopsis, sp., like P. avrita, an Upper Eocene and Miocene form. 

Here we have certainly a Cretaceous species in Nautilus danicus^ 
but it is doubtfully identified by Mr. M®Kay, and is probably the 
ventricose form of A, ziczac. 

In the Island Sandstone at Black Point, 

Ancyloceras (?), sp., Hector, Geol. Bep. 1876-7, p. x. 

Baculites (?), sp., Hector, I, c, 

Belemnites (?), sp., Hector, I, c. 

Here also wc get Cretaceous Cephalopoda, but all are doubtfully 
determined. Mr. M^Kay kindly showed me these fossils in the 
Wellington Museum. There is, I believe, but one form. It is a 
small, delicate, straight shell, slightly tapering, with rather close, 
well-marked, transverse ribs (like Tentaculites), It looks like a 
Cephalopod, but no section has been made. Tho siphon is said to 
be marginal ; but it is obscure, and I could not satisfy myself of its 
presence. There is no external appearance of lobed or foliated septa. 

* Mr. M'^B^ay informs me that this is the same as his so-called Ammonite 
from near Greymouth, Geol. Rep. 1873-4, n. 81. 

Q.J.G.S. Ho. 164. ’ 2e 
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It cannot bo Ancyloceras^ because tbo ribs arc of equal strength all 
rotind ; and it cannot be BacuUtes, because the ribs are quite trans- 
verse. If it be a Cepbalopod at all, it must, I think, be a now genus, 
and consequently it has but little chronological value. 

Evidently, if we can trust to palteontological evidence, the Ototara 
series, both at Oamaru and in the Waitaki Yalley, together with 
the Wcka-pass stone, must be included in one system with the 
Curiosity-Shop beds. Mr. M^'Kay certainly says of tho fossils of 
the Cretaceo-Tortiary series that “in all cases these are speci- 
fically different from the shells found in the higher parts of the 
series, which are mainly tho fossils of Professor Hutton's Oamaru 
formation'^ (Geol. Rop. 1883-4, p. 59) ; but, as he gives no name, 
it is impossible to attempt to reconcile his statement with my list, 
and it is opposed to his own list of tho fossils of tho Trelissic Basin 
(Geol. Rep. 1879-80, p. 70), where about ono fifth arc common to 
both series. 

But Dr. Hector does not rely altogether on palaeontological evi- 
dence for separating his Upper Eocene rocks from tho up]>er ])art of 
his Cretaceo-Tertiarv series ; he considers that an unconformity exists 
between them. 1 have already shown that no unconformity exists 
in the Wekii-])ass district i will now take the i>orth of Otago, a 
district which I examined in Bi'cember 1873, 

Dr. Hector says, “ These higher ' Upper Eocone] beds it has been 
im]>ossible to separate, either stratigra])hically or otherwise, from 
the Awamoa series [Pareora b(‘dsi, which overlie them; whilst be- 
tween thi^ and the underlying C’retaceo-Tertiary series nneonformiU 
is to be olfserved at several ])oints, as in the Cape Hills [Oamaru |, 
and at Cape (’amphell (rofe Re])ort on that district), although it may 
be doubted whether the Awaterc beds, which there rest unconform- 
ably on the Cretaceo-Tertiary series, are tho true cipiivalents of tin* 
Awamoa beds, or of Upper ^fiocene age. Apart from this, however, 
the charaettr of the vfdcanic rock.s at Oamaru, as evidencing the 
existence of a land-surface, togt‘ther with their superior position to 
those of the calcareous beds of Hutchinson's quarr}’, wdth the 
Awamoa beds resting conformably on them in Lime-kiln Gully, 
sufficiently attest the unconformity, which is further su])j>()rted by 
the occurrence of an outlier of Awamoa beds resting upon the green- 
sands and coal-grits in the 'NVaircka Valley ’'f. This argument may 
be summed up as foUow's : — The volcanic rocks at Oamaru Cape prove 
a land-surface ; consequently the Hutchinson’s-quany beds which 
lie above the volcanic rocks must he unconformablo to the Cretaceo- 
Tertiaiy^ which lie below them. Further, no unconformity can bo 
made out between the Hutobin.sonVquarry^ beds and the overlying 
Awamoa series (Pareora system) ; hut at Capo Campbell (300 miles 
away) beds belonging to the Pareora system (Awatere series) are 
unconformablo to the Cretacco-Tcrtiary ; it may, however, be doubted 

* “On the Geological position of tho Weka-paRs Stone,” Quart. Joura. Geol. 
c. vol, xli. p. 

t Report of Geological E 3 q)lorationg, 1876-7, p. ix. 
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whether the Awatere series is the equivalent of the Awamoa series. 
Now neither Dr. Hector nor Mr. M®Kay gives any proof of this 
land-surface ; but Mr. M^'Kay told me that his reason tor assuming its 
existence was the scoriaceous nature of some of the rocks, which is 
quite insufficient. Also I fail to see in Mr. M'^Kay’s Hcport any 
evidence at all of an unconformity. Ho certainly gives a section 
(No. 3) showing an unconformity ; but there must be some mistake, 
as the unconformity is placed between the Hutchinson’s-quarry bed 
and volcanic tufts which nnclerhe the Ototara limestone, while the 
argument is founded on the assumption that the tuffs overlie the 
Ototara limestone When I examined Ototara Cape in 1873 I did 
not notice any unconformity ; but I have had no opportunity of 
examining the locality since Mr. M‘’Kay’8 Report was published. 
Cape Oamaru is formed by an old volcano, which has broken through 
the Ototara limestone and was active when the marine beds of 
Hutchinson’s quarry were being deposited. Also the outlier of the 
Awamoa series on the “ Crctaceo-Tertiary greensands and coal-grits,’^ 
in the Waireka Talley , proves an uncontormitj between the Awamoa 
series and the Hutchinson’s-quarry beds (which are missing), and 


Fig. 2. — Map of the Valleij of the WaitaJei and nexghhonring region. 



Alluvia. Pareors System. HI Lunestones. 

I I Tertiary, unoertaiu. Schists aud Slates. 


1. Waihao Ijimestone. 
2 Otakaika Limestone. 


3. Maerewhonua Limestone. 

4. Ototara Limestone. 

2 B 2 



562 


CAPT. P. W. HUTTON ON THE OOBRELATIONB OP THE 


not between these latter and the Cretaceo-Tertiary, as supposed by 
Dr. Hector 

I fail therefore to see any unconformity between the Upper 
Eocene and the Cretaceo-Tertiary near Oamaru. In his Progress 
Report for 1881 (Geol. Reports, 1881, p. xxiii), Dr. Hector says, 
“ In the Waitaki Valley, and in the same district as far south as 
the mouth of the Kakanui River, Tertiary rocks, comprising lime- 
stones and calcareous greensands belonging to the Upper Eocene 
period, are present, resting indifterently on various members of the 
Cretaceo-Tertiary series and in the ‘ Sixteenth Annual Report of 
the Colonial ^Museum,’ published in 1882, Dr. Hector says that 
**in the Waitaki Valley he [Mr. M‘'KayJ completely cleared up 
the evidence on which the subdivision of the Lower Tertiary and 
Upper Cretaceous strata had been proposed, and obtained a large 
addition to the collection of fossils ’’ (p. 7) t. I have carefully ex- 
amined Mr. M‘^Kay 8 ‘ Report on the Geology of the Waitaki 
VaUey ’ (Z. c. p. 56), for proofs of this statement, but without much 
success, almost all the cases given referring to unconformity of the 
Parcora system, and not io the Hutchinson Vquarry bods. The 
rocks are said to be as under (see Map, fig. 2) : — 

Upper Eocene. 

1. Hutchinsoif 8-Quarry Beds : GreeiisandB full of Waldheimia triangularis 
(Hutton). 

2. Otakaika Limestone: a calcareous greensand =Nuinmulitic Limestone. 

3. Kekenodon Beds: marly greensands restricted to Wharekauri. 

Cretaceo-Tertiary. 

4. Grey marls : grey sands. 

p. ( Maerewhenua Limestone: a ailcareous greensand 1 =Ototara Lime- 
' \ Wailiao liiniestoue : a white limestone. j stone. 

6. Marly Greensands. 

7. Island Sandstone : loose sandy beds with bands of calcareous rook. 

8. Coal-beds. 

There is no stratigraphical continuity between these rocks and 
those at Oamaru ; and in no locality is the Otakaika limestone seen 
to overlie the Maerewhenua limestone. Mr. M^Kay certainly says 
that “ on stratigraphical grounds the Maerewhenua limestone must 
be regarded as distinct from the Otakaika limestone” (Geol. Reports, 
1881, p. 66), and that he will give the evidence further on in his 
Report ; but I have not been able to find it. It would seem therefore 
that the correlations must depend upon palaeontological evidence ; but 
no lists of fossils arc given. Mr. M'Eay’s line of proof seems to be 
different. He says, In either locality [Oamaru and Maerewhenua] 

* In his last Report Mr. M^'Kay has omitted this outlier. He now says that 
“ all the strata developed west of the Waireka Valley and lower part of the 
Kakanui River pass under the liigher part of the Cretaceo-Tertiary series repre- 
sented by the Ototara calcareous sandstone, all Eocene and Miocene strata 

a to the eastward of the great limestone scarp " (Geol. Rep. 1883-4, p. 62). 

e gives no reasons for this change, and it is against the palssontologio^ 
evidence. 

t See also Trans. N. Z. Institute, vol. xiv. p. 624. 
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the limestones are conformable to the beds which underlie, and 
these, proving to he the equivalents of each other, prove also the syn- 
chronism of the Ototara and Maerewhenua limestones ’’ (I, c. p. 69). 
But he has just before said (on the same page) that, as the identity 
of the Ototara stone with the Maerewhenua limestone cannot be 
proved by fossils, because these are too few in the Ototara stone, 
“ it thus became necessary to prove the relationship of the beds 
underlying the limestones in the two localities. Here again the 
tufas of the Waireka Valley differed considerably from the grey 
sands and marly greensands underlpng the Maerewhenua lime- 
stone ; and while in the latter locality the beds proved highly 
fossiliferous, fossils were wholl}’ absent iu the bods underlying the 
Ototara stone, so that in this case also identity could not he proved 
by means of the fossil contents of the beds.’^ I do not wish to dispute 
this point, as I believe all to belong to the same series. I merely 
wish to show that he has not proved his case. Indeed, in a further 
Report, printed in the same volume, Mr. M‘*Kay says that “ the 
middle part of the Maerewhenua limestone belongs, I consider, 
to this horizon [Otakaika limestone], leaving only the lower portion 
of that rock as the equivalent of the Ototara limestone ’’ (1. c, 
p. 103), thus abandoning his supposed proof altogether. This 
alteration was made because remains of Kdeenodon (a Zeuglodont) 
were discovered in the limestone ; and this change alone must throw 
considerable doubt on the asserted unconformity between the Upper 
Eocene and Cretaceo-Tertiary rocks in this district. 

But, as a matter of fact, I can only find in the Report one place in 
which an unconformity is said by Mr. M‘Kay to occur between the 
Upper Eocene and Crotaceo-Tertiar} series. In his “ Section showing 
position of coal-seam, Wharekauri ’’ {I, <*. p. 64), the Otakaika 
limestone (No. 2) is shown uncoiiformable to the marly greensands 
(No. 6). The section is described as a sketch of the rocks seen in 
following up the Wharekauri Creek from the Waitaki ; but at p. 73 
he says that this section is, he believes, exactly as the section 
would appear, provided the obscuring gravels could be cleared away,'’ 
so that evidently its accuracy may be doubted. Also no evidence is 
given that these “marly greensands’’ are not the Kekenodon beds, 
which are found in the close neighbourhood, it being merely stated 
that the unconformity is demonstrated “ by the absence of the higher 
part of the marly greensands and the Maerewhenua limestone” 
(Z. c. p. 68). Mr. M®Kay remarks that here “the section of the 
younger beds is somewhat complicated ; and from the fact that the 
Kekenodon beds are themselves a marly greensand, and their un- 
conformity to the Cretaceo-Tertiary marly greensands not being well 
marked, the two sets of bods may in places bo taken to represent 
the liigher and lower parts of the same series ” (7. c, p. 73). Evi- 
dently there is here no “ clear proof ’’ of unconformity, especially as 
in his Second Report Mr. M'Kay describes the underlying marly 
greensands in this locality as “ nearly horizontal ” (Z. c. p. 101), and 
therefore conformable in position to the overlying limestone. He 
certainly says that “ the fossils beldnging to the two horizons [of 
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muAj greenaands] are very dissimilar (I* e. p. 73); but this state- 
mmit oaunot be reoeived as foU ovidonoe until lisU of the fossils are 
published. In fact there appears to be no actual proof of unoon- 
formitj anywhere ; it is merely argued that such an unconformity 
must exist because the Maerewhenua limestone ought in certain 
places to come in between the two l)eds of mi^ly greensand. But 
this argument rests entirely on the assumption that the Maere- 
whenua limestone is older than the Kekeiiodon beds^and (Mers from 
the Otakaika limestone, of which no proof at all is given; and, 
as bones of Keh^niklon have lH*cn since found in the Maerewhenua 
limestone, it is ex'ident that the whole argument collapses. Indeed, 
in his >ieeond Ke|H^rt, Mr, M^Kay calls the Otakaika limestone the 
equivalent of the middle part of the Ma»*rewhenua limestone (1. c. 
p. 104); and if this be so, the Kekenodon IkhIs viould apjK'ar to he 
the same as the stv-eallod (Yctaeco-Tertiuiy marly gri^msands : and 
the whole of the rocks, from the Jlulchinwin s-quarry Ix^s down to 
the marly greerusands, would form n >ini:Iv sern^'. AV>. 1 in the Table 
(p. ]) being the same as 4, Xo. the same as Xu. 5, and Xo. 3 
the same a.s Xo, (h It seems to me that this is the only way in 
which the evidence on which the .Mihdivision of the Ixover Tertiary 
and Ujiper Cretaceous .strata luis been ]»roposed *’ can bi* “completely 
cleared up/* 

The stratigrapliical evidence tails, therefore, equally w’itli the 
palacontologiejil evi(l<-nce. to iiulicaW any important break between 
these rocks, and the w hole of them must l)C included in one system, 
the Oamunc Sifsttm of Dr. von llaast and myself'’^. 


DibCrsBiox. 

Dr. Dlanfokd pointed out that of the 48 species from the 
Curiosity-Shop beds, lO, or more than 2<) per cent., are still living. 
Such a percentage could scarcel} be exj>ected in beds older than 
Oligocene, and was remarkable even in strata of that age. 

Dr. Dl'ncan said that he had not found so largo a proportion of 
living species of Echinudermata and Cords even in the Miocene 
beds of Western India. The more carefully the morphology of late 
Tertiary forms was studied the fewer were the species which de- 
scended from the Tertiaries U) the recent faunas. Even in the 
deep-sea faunas the species whicli were assigned to old genera 
belonged to 8])ccial divisions ol them. 

Mr. Topley inquired how far Cretaceous forms prevailed. 

Mr. Beaxegrb read over the list of genera, which showed that 
very few, if any, characteristically Cretaceous tyj>eb occurred in the 
deposit. 

* Some of the “ Cretaoeo-Tertiary ” greensands and coal may, I think, prove 
to belong to the Pareora system. 
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42. On ^ Fossil Floka 0 / Saook, in Cabkiola. By GozrsiABizK 
Baron von EmurosHATTSEK, Professor at the University of Gbraz, 
Austria. (Head June 24, 1885.) 

Havusto recently brought the third and last part of my work on the 
Fossil Flora of Sagor before the Imperial Academy of Sciences in 
Vienna, I take the liberty of reporting to the Geological Society on 
the facts which may be considered interesting to the science of 
Paleeontology, and on the principal results which have been obtained 
from my investigations upon the subject. The fossil plant- 
remains which were brought to l^ht, mostly by my method of im- 
pregnating the stones with water and splitting them by freezing, 
came from fourteen localities : — 

1. Beds called “ Friedhofschichten,’’ beneath the Brown Coal of 
Sagor. They occur near the churchyard of Sagor, and consist of 
yellowish-grey indurated clay. They contain many well-preserved 
plant-remains belonging to 40 species, many of which have also been 
found at Haring and Sotzka, and in the Lower Tertiary beds of 
Switzerland. Among tho specimens I have examined there are 
cones of Aetinostrohus^ seeds of Emhothrium It'j^iozpermum and 
llaJcea micropt^ray flowers of Oelastrus protoy asm, fruits of Termi* 
naha Fenzlianut^ and leaves of Conjlns MacQuarrii^ Quercus empidata, 
Ficus primeeva^ Ciunamomum lanceolatum^ Grevillea Jnerinyiaua^ 
Dodoncea salicites^ Zizyphns nndulatm, Eucalyptus hceringiana^ 
JJalberyia prhnceva, Cmalpina Haidhiyeri^ &c. 

2. Beds called * Bachschichten,'’ near Sagor. These and all the 
following beds here enumerated lie above the Brown Coal. Their 
plant-remains indicate a flora which in no respect differs from the 
fossil flora of the Wetterau, of the Brown-coal formation of the Lower 
Ithine, and of the Aquitanian Tertiary beds of Switzerland. The 
“ Bachschichten,” consisting of dark grey indurated clay, are rich in 
fossil plants, and a careful investigation of them brought to light a 
flora of 79 species. Of these are particularly to be named Chondrites 
laarencioides^ DavalUa Haidinyeri, Callitris Brongniarti, Sequoia 
Gouttsice, Ostrya atlantidis, Quercus Lonehitis, Ficus lanceolata^ Desch^ 
manni^ and Langeri^ Laurus tristaniuefolia^ Sapotacites minor, Cissus 
Heeriiy Zizyphvs pa radisiacus, Bhus hydrophila, Terminalia mio- 
cenica, Eugenia ApoUinis, Fsoralea palmgcBa, Falceolohium hetero^ 
phyllam, and Mimosites hceringianus, 

3. Beds called “ Tagbau Schichte I.” They occur near the smelting^ 
house of tho tin-works in Sagor, and consist of yellowish-grey or 
yellowish-white indurated clay, which is not so rich in fossils as the 
preceding beds. Of the species to be found there, I may mention 
Taxodium distichum miocsnicumy Sequoia Toumalii, IHnus hepios, 
Myrica deperdita^ Fagus Feronice^ Fterospermum sagorianum, Bur-- 
saria radobojana, Dalbergia valdensis, 

4. Beds called after the “ Francisci ErbstoUen,'* near the Sagor 
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works. They show a bluish-^y shalo, whicli seldom contains 
fossils. As yet only the following species have been diKcovered: — 
Olmtoikobus eurcpmi4f, Couti^i<r, Mens $*f^/orianaf F, 

UafiUa^ Banirsta lonffi/oiia^ Andromeda protoga^i^ and Emal^pino 
oooceMca^ all very common in the beds Nos. 8^ 1 and 14* 

6, Be^ near Sagor, containing fossil fishes, but very few fossil 
plants. They occur in a grey indurated clay, and the lattor indudes 
Olyptostrohu* enro/xrus^ Sefuota Couttsue^ Fiewf humrliafolm^ €Hn^ 
namomum polymorphutn^ Bumeiia oreadum^ and Andromeda pro- 
to^asa. 

6. Beds called “ Tagbau BchichU* II.,'* near 8agor. The fossil 
plants are here to be found in a light or yellowish-grey indurated clay, 
and belong to Chara r#e/m, (7i. Lan^eri^ (ihjptostrohue europerus^ 
Sequoia Coutteur, Zostrra nvjeri, Caetanea ttfarta, Qurtru* Lonchitia^ 
Ficus hufn€lia>folUu Pisonia ftHuuiai. Banlsin hmjifolia^ Apacym- 
phyllum hntr jieiiohtium, Andromeda prototpfa^ litddnia crenaia, 
Dalheryia hccrinyiana^ Cassia latlatHpra^ and Podoyonium LyeUi- 
anttm, 

7. Close b> the village of (uKlrcdeHch, near Sagor, there are some 
beds consifiting of dark-grey in<lurate<i clay, like that of the ImhIs 
N o. Tliey e(»ntain plant-remains ^\hieh hn\e Ix^en referred to 
11 species. With the <*xeejiti<m of J/vAeior /vVo/y/aooi/^, (^umnim 
anddoua, and Pisiacin paUfih-hntiscus, tlieso alno occur in the iK'ds 
No. i 

S and b. Near the village of Savine. in the neighbouihoixl of 
Sagor, there are two very rn h loealitn'^ of ro»o.jl plant**. The btds 
coriAht of a lifiht- or jieiJou-grey marl, wholi eonfains well- 
preserved fos'^ih. IVorn thi*» I h.ivr nhtninrd a /h*ra roiihistin^ of 
sj>ecie«, which form the pnncijml part of thr io^^siJ Horn of 
Sagor. The locality No, S is the <piarr\ from which tlw most 
valuable fossils came. Of thc^o 1 meiitjon the following as possess- 
ing special interest : — JIusnfes Sfi vi /14 nsts^ Jilicfnun/i Braunii, two 
forms of Eqiiisetu/n, Cunninghamia mit/nnica^ Smiltu' j)at 4 ciH 4 rvis, 
Pandanvs carniolicos^ Lavreiia rcdiviva^ Lanrus stcnophylla^ LiWm 
dermatophyllvni, Coaospermnm macrojthyllum, Cenarrhincs llaneri^ 
Persoonia cuspidata, two forms of JlaJcea, Kmhothnum sti rwspermum^ 
Lomatia ocecinica^ Olea carniolica^ Frn.nnus jicimiyenia, Sapotacites 
chanurdrys, Diospyros hdinicn^ Symplocos savinensis, Callicoma mi- 
crophylln, Clematis sayoriamt, Tetraptivis minifta, six s])ecies of 
CelastruSy Pomaderris annninnfu^ Ptefea intei'media, Ailanthus Ori- 
onis^ Vochysia europera^ and nine species of Papilionaccsc. 

The locality No. 9 is the toj* of a coal-pit from which the fossil 
plants came. I have selected for mention a few of the many new 
forms which I found there : — Actinostrohus miocenicus^ Leptorneria 
distans, Emhothrium macrojderum, Notchca reciinervis^ Fraxinus 
Bavinensis, Alstonia camiolica^ Chryscgdiyllum sayoruomm, Facet- 
nium pnl(BO-myrti11u8^ Loranthus palmo-exoearpi^ Bomhax sayoria- 
num^ Pittosporum palero-tetraspermwn, and Ptdea microcarpa. 

10. Islaak, near Sagor. The fossil plants occur here in greyish 
white marl, looking somewhat like that of Savino. All the fossils 
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which I discovered in it are to be found also at Savine, excepting 
Heliotr^ites parvifolim. 

11. Trifail. The beds resting upon the coal strata are rich in 
different plant-remains, which mostly occur in a dark grey indurated 
clay, like that of the locality No. 2. The most interesting of the 
species collected here are the following : — OystoBevra communis, 
Taxodium disticUvim miocenicum, Pinus podc&o^taedoL, Fagus Feronim, 
Castcmea atavia, BanJcsia Haidingeri, Bumelia scahra, Diospyros 
hceringiana, Sapindophyllum paradooeum, Qa/rya trifailenm, Pnmus 
rnohikana, and P. palceo-^eraBus. 

12. Hrastnigg. I obtained from a coal-pit the following species 
of fossil plants, which occur in a light-grey marl : — Hypnwm 
Bogorianum, Glyptostrohus europcms. Sequoia Couttsice, Typha latis-^ 
sima, Ginnamomum polymorphum, BanJcsia longifolia, Bumelia 
Oreadum, Andromeda protogcea^Anoectomeria Brongmartii,Nymp}ioea 
gypsorum, Eucalyptus oceanica, and Phaseolites microphyUus. Of 
these, nine occur also at Savine. 

iJi. Bresno. In a yellowish-grey marl here I found well-pre- 
served fossil plants belonging to the following species : — Glypto- 
strohus europcpus. Sequoia Tournedii and Couttsim, Carpinus Heerii, 
Ficus tynx and humelioBfolia, Ginnamomum polymorphum, BanJcsia 
longifolia, Sapotacites sideroxyloides and emargbmtus, Mimusops 
tertiaria, Bumelia Oreadum, Andromeda protogeea, Gelastrus proto- 
geeus, and Eucalyptus oceanica. 

14, Tiiffer. The fossil plants occur in a light or somewhat 
reddish-grey marl-slate resembling that of Savine. I found there 
many well-preserved fossils belonging to llypnum sagorianum, 
Glyptostrohus europams, Sequoia Gouttsim, Pinus palm-tceda, Typha 
latissima, Myrlca salicina, Gastanopsis sagoriana, Quercus LoncJiitis, 
Ficus sagoriana and humelicefolm, Pisonia eocenica, Hedycarya 
europcea, Lauras Haueri, Ginnamomum polymorpjimn, BanJcsia 
hngifolia, Sapotacites sideroxyloides, Bumelia Oreadum, Andromeda 
protogeea, Gelastrus protogcruSj Eucalyptus oceanica, Eugenia Apol- 
linis, 

I proceed now to explain the general results of my investigations 
of the Sagor fossil flora : — 

Istly, the fossil flora of Sagor contains at least 170 genera and 
387 species, which are distributed under 75 families. Of the species, 
21 belong to the Cryptogama), 18 to the (Tymnosperma3, 14 to the 
Monocotyledons, 117 to the Apetala), 61 to the Gamopetalce, and 
156 to the Dialypetalao. 18 species were aquatic, but all the 
others terrestrial plants. 

2ndly, the fossil flora of Sagor consists of two floras of different 
ages, but immediatel)?^ following one another. The beds No. 1, 
which underlie the coal, and may be the basement beds of the Ter- 
tiary of Sagor, include a flora which existed in the last section of 
the Eocene period. The other bods, resting upon the coal, contain 
the remains of a flora belonging to the first section of the Miocene 
period. 

3rdly. In consequence of the great diversity of fossil plants, and 
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their abundance in some of the localities, the elements of the floras 
are so distinctly marked as to place it beyond doubt that the 
Tertiary flora is to be considered the origin of all the living floras 
of the globe, a conclusion to which the investigations of the floras 
of other Tertiary localities have already led. In the fossil flora 
of Sagor the following floras are represented ; — 

Australia by Actinostrohm^ Camarlna^ Leptonierict, Santalum^ sp., 
Conospermnm^ Fersoonia^ Grevillea, Uakea^ Lambertian Lomatian sp., 
Banlcsian Fryandra, Notelcea, Myoporamn LoranikuSn sp., Callicoma, 
Ceratopetalum, Sterculian sp., Dodotumn sp., Bursaria, Elceodendrorin 
sp., Pomaderris, Ewalyptits, Kennedya, 

North America and Mexico by Tacvodium, Pinas, sp., Myrica, 
sp., Betulan sp., Fa(/us, sp., Ostrya, sp., Quercus, sp., Ulmus, sp., 
Platanns, sp., Symplocos, sp., Vaccinhim, sp., Cornus, sp., Maynolia, 
sp., Acer, sp., Evonymus, sp.. Prims, Bervhernia, Ilex, Oarya, Ptdea, 
sp., Prunus, sp., llobinia, and EryiJirina, 

California by Iihocedrus, sp., Seqtioia, Finns, sp. 

Brazil and Tropical South America in general by Blech- 
num, sp., Ficus, sp., Pisonia, s])., Persea, sp., Ocotea, Andromeda, 
sp., Weinmannia, sp., Bomhax, sp., Tenistroemia, letrapteris, Banin 
steria, Sa2nndtis, sp., Xanthoxylum, sp., Vochysia, Dioclea, Machct- 
rium. Cassia, sp., Acacia, sp. 

Chili by Podovarpuh, sp.. Laurelia, Cassia, sp. 

India and East-Indian Islands by Castanopsis, Ficus, sp., Phoebe, 
sp., Cinnamonmm, Mimusops, Stercvlia, Ptcrospermam, Pittosporum, 
sp., Dalbergia, Sophora, sp., Ccrsalpinia, 

China and Japan by Glyptostrobus, Clnmmomum, sp., Hydrangea, 
sp., Acer, sp., StypJmolobium. 

Europe by Pinas, sp., Phragmites, Zostcra, Typha, Alnus, Car- 
pi/ius, Corylus, Castanea, Ulmas, sp., Ligustrum, Olea, sp., Fraxinus, 
sj)., Vaceinium, sp., Acer, sp., Pistacin, sp., J^runiis, sp., Psoralca, sp. 
The Canaries by Davallia, sp., Lauras, sp., Persea, sp. 

Ajrica by Callitris, Kennedya, sp., Olea, sp., Coussonia, Celas- 
tras, sp., PteroCilastras, and lihus, sp. 

Norfolk Island by Arancaria, sp., and Ehfodendron, sp. 

New Zealand by Iltdycarya, sj)., Ccnarrhenes, Weinmannia, sp. 
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43. A Sketch of the Goldfields o/Ltdenbdro and De Kaap, in the 
Transvaal, South Africa. By W. Henry Penning, Esq,, 
E.G.S., &c. (Bead May 27, 1885.) 

Contents. 

§ 1. Estimated Extent of the Gold Country. 

1 2. Lydenburg and Be Eaap Goldfields. 

1. Geology of the Kaap Valley &c. 

2. Granitic? Bocks. 

, 3. Silurian ? Bocks. 

4. Sections and Beefs, a-f. 

5. Bevonian ? Bocks. 

G. Sections and Auriferous Beposits, 

§ 3. Alluvial Auriferous Beposits. 

§ 4. Gold and Nuggets. 

I 6. Other Metals and Minerals. 

1 6. The Biorite Dykes, 

§ 1. Estimated Extent of the Gold Country. 

The goldfields of the Tati are about 1 00 miles beyond the Limpopo 
lliver, the northern boundary of the Transvaal, and those of Hartley 
Hill are 250 miles still further towards the interior. These fields 
have been described by the late Mr. Thomas Baines, F.11.G.S., in his 
work on ‘ The Gold Begions of South-eastern Africa ^ and prove the 
extension of auriferous veins through at least 7J degrees of latitude, 
L e, from the Kaap Valley to Hartley Hill (18° to 25° 30' S.). 
From the gold-lodes west of Pretoria to the site of Herr Carl Mauch’s 
discovery near the Olif ant’s River in 1868, a space intervenes cover- 
ing three degrees of longitude (28^ 30' to 31 30' E.). Gold has been 
found at many points within, as it must also be found beyond, the 
area thus arbitrarily limited, whieb certainly covers not less 
than 100,000 square miles. 

§ 2. Lydenburg and Be Kaap Goldfields, 

The Lydenburg and I)e Kaap Goldfields, as at present known, are 
included within a line passing W. from the northern point of Swazi- 
land, through the Tafelkop mountains, thence N. through Lydenburg 
and along the Orighstad River to its junction with the Blyde. Kow 
turning S., the line follows the edge of the berg, or eastern face of 
the Drakensberg mountains, to near Spitzkop, and thence back to its 
starting-point on the border-mountains of Swaziland. (See Map, 
Quart. Journ. Geol. Soc. vol. xl. p. ()58 ; and Map in the Joum. 
Soc. Arts, vol. xxxii. 1 884, p. 609.) This area extends over about 1| 
degree of latitude (24° 35' S. to 25° 50' S.), and, on the average, half 
a degree of longitude (30° 30' to 30° 45' on the K., 31° 15' on the 
S.), thus being about 3000 square miles. For some notes on tins 
country see a paper by the author in Journ. Soc. Arts, vol. xxxii. 
1884, p. 608. 


^ Stanford, London, 1877. 
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The ph 5 ’sical features of the triangular tract of country occupied 
by the Lydenburg and De Kaap goldfields, between Swaziland, 
the Tafelkop, and the junction of the Blydc and Orighstad rivers, may 
be briefly described. The western side is upon the Drakensberg 
mountains, the highest part of the range following a nearly N. and 
S. line, from near the junction of the rivers, by Mauch’s Berg and 
Spitzkop to the Tafelberg, whence the Kaap mountains branch off 
to the E. towards the Makoujwa mountains, which form the N.W. 
boundary’ of Swaziland. Part of the range N. of the Tafelberg, and 
between it and the Krokodil Biver, is named the “ Godwaan Plateau.’’ 
The Drakensberg mountains fall gradually away to the W., but 
present a very precipitous face (or kruiitz,’’ as it is called) to the 
E. This krantz overlooks the lower countrj’, which is traversed by 
the Sabie and Krokodil Eivers, with their affluents, the united wateis 
of which, with those of the Komati, fiill into the Indian Ocean north 
of Delagoa Bay. 

It is a noteworthy feature that the sources of most of these rivers 
are a long way to the westward of the highest parts of the mountain- 
range. The general surface slopes W., hut the rivers flow E., ])a88- 
ing through deep gorges, called “iworts,"’ in the mountains. The 
Blyde and Orighstad rivers unite at the l)ack of the range, and pass 
through the Bl) de Poort.’’ The Eland’s Spruit joins the Krokodil 
Biver, just behind the Godwaan Plateau and before entering the 
‘‘ Krokodil Poori.” In a similar manner the Komati and Krokodil 
Bivers unite (further to the east) just before passing through the 
“ Lower Komati Poort ” in the Ijebombo ^Mountains 

Mauchs Berg is the liighest feature of the range, but Spit/kop is 
the most prominent, being an isolated ])eak in the midst of a com- 
paratively level plain or terrace which borders the low country. 
There are very few places, except in the valleys, from which 
Spitzkop cannot be seen, within a radius of fifty or sixty miles. 
“ In the angle formed by the junction of Eland s Spruit with the 
Krokodil Biver is the Godwaan Plateau, an elevated tract some four 
or five miles in >ridth ” t. 

1. The Qeolofjif of the Kaap Valle 4*('. — The following are the 
main geological features observed h\ me while travelling : — 

The oldest rocks of the goldfields are tliose of the Kaap Valley 
and those bordering the Krokodil Biver, as far as jet examined, 
also, doubtless, occupying the almost unknown region “ below the 
berg ” in the direction of the Blj de Poort. 

2. Cfranitic? Rocks . — An intrusive plutonic rock, geologically 
newer than the stratified rocks, but still in an inferior position, 
occupies the whole of the lower ground of th(* western part of the 
Kaap Valley. It resembles coarse granite, and consists of quartz 
and felspar, with but little, if indeed any, mica in its composition. 
Although this granite (for such it may be called) forms generally 

* See “ A Sketch of the High-level Coalfields of South Africa,” read before 
the Society on 6th March, 1884 (Q. J. G. S. vol. xl. p. (>68). See also Loveday’s 
Map of the Lydenburg Goldfield, Pretoria, 1883. 

t ‘ Guide to the Goldfields of South Africa,’ Pretoria, 1883, pp. 44-46. 
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the lower ground of the head of 
the valley, it rises into hUls and 
ridges, some of which have a con- 
siderable elevation. In some cases 
it has weathered into bare round- 
ed bosses bearing a striking re- 
semblance to roches moutonnees; 
but over the greater part of the 
area the surface of the granite is 
decomposed into a soft brown 
substance very much like an allu- 
vial loam. 

In the Kaap Valley the surface 
of the granite forms an ellipse 
about 17 miles in length by 10 
miles in width, with a narrower 
prolongation in a northerly direc- 
tion. It widens out again towards 
the Krokodil River, beyond which 
it passes in under a series of rocks 
which rest unconformably upon 
those with which it has thus far 
boon in contact, and which will 
probably be found to occupy the 
remainder of the Kaap Valley. 

This mass of granite represents 
a great centre of plutonic up- 
heaval, of course posterior to the 
period of the Kaap -valley rocks, 
which it has greatly tilted all 
around its margin ; it was, how- 
ever, anterior to the deposition of 
the rocks of the overlying uncon- 
formablo formation, as they are 
still nearly horizontal. 

3. Silurian'^ Bocks . — Nearly all 
around the granite centre is a 
series of rocks which have been 
tilted by it into a more or less 
vertical position. Those rocks are 
silicebus and argillaceous, rarely, 
and then but slightly, calca- 
reous, being mainly schists, shales, 
cherts, and quartzites. I believe 
them to be Silurian ” rocks ; 
but, with the exception of an 
unreliable report of Graptolites 
having been observed, there has 
been hitherto (so far as I am aware) 
a total absence of fossil evidence. 
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4. ‘S^iont ami “ Rfff*,” a-f.—a. At tho m.nthcm extremity 
of the granite* aomo gold-mining ha* Wn carritv} on upon what ia 
known ae “ Moodie'a Itoef.” This “ reef is sitnatcd joat N of 
« Crawford Creek ” (so called on Ix>veday’s map) which flows here 
nearly E., then toms northward to join the Kaap Kiver- This ereek 
is really a very deep gorge ; on the south side the mountain rises to 
perhaps 1 500 feet in height ; on the north a long spur branches out 
from the mountain, also following an easterly directioD, its ridge 
gradually descending, but being at this point about 800 foot high. 
It coincides with the strike of the beds, which are vertical, as the 
creek coincides with this also until it rounds the end of the spur 
and turns towards the flat to the north. A difference in the com- 
position of the beds has, doubtless, been the chief cause of the 
formation of this steep and ])eculiar gorge, roughly panillel to 
the boundary of the granite flat, from which it is separated only 
by the narrow but lofty ridge along which some of the mines are 
situated. 

The rocks of the ridge are schists, shjilcs, cherts, and sandstones, 
which strike a little S. of E., and have a dip of alwut 90^, that is, 
they are nearly vertical. A bed, or seam,’^ of white c^st^'ine 
quartz occurs about the centre of the ridge, coinciding witb^^^t nml 
with the ordinary stratified rocks in st rike and dip. w 

The rocks of tlie mountain arc principally cherts^ jfvith Mone 
highly altered shales, the harae in strike and dip as ijfjose of the 
ridge. In the gorge are loose pieces of chlorite-iijWst, hut that 
rock was not seen here iu jdace. 

A few niiles to the vSoutli on the high lands, in a ^ui t curKorily 
inspected, the rocks seen along the lines traversed in ascend- 
ing order from th(* edge of the mountain, cherts, sh||es, and sand- 
stones, schists and congloraerat(»s. The beds strikt' Jl.S.K. and ai c 
nearly vertical, hut not quite so much so as nearer thol granite : they 
dip about 85^ to the S. 

“ Moodie’s Reef” (so called) consists of a deposit of white crystal- 
line quartz, of the kind known by miners as “ sugary (juartz,’' var 5 'iug 
from 1 foot to 2 feet wide, and interstratified with the rocks of the 
district It might possibly happen for it to occupy such position even 
if it were a true vein or lode ; hut I must consider it as a hed of 
auriferous quartz. It is just as much so as the schists and cherts 
are beds, because in so many instances, and over so large an area, 
gold-bearing deposits of quartz, whatever may he the strike and dip 
of the beds, occupy a similar position. This is not by any means the 
usual mode of occurrence of gold, which is mostly found in veins, 

* In Farm no. 492 on Loveday’e map. 

t No. 605 on Loreday’s map. 
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although “ it is also more rarely met with in the form of grains in 
the shales and other unaltered stratified rocks ^ : and “ hands of 
different kinds of iron. ores are said to occur in some of the clay- 
ironstone interstratified with the slates, and associated with these 
are certain conformable beds, from which the greatest riches of gold 
have been obtained ” t. 

Mr. J. A. Phillips (quoting Mr. K. B, Smyth) says : — Gold is now 
found to occur not only in the quartz-veins and in the alluvial deposits 
derived from them and the surrounding rocks, but also in the day- 
stone itself : and, contrary to expectation, flat bands of auriferous 
quartz have been discovered in dykes of diorite, which intersect the 
Upper Silurian or Lower Devonian rocks. Quartz of extraordinary 
richness has been obtained from these bands ” In the former case, 
bands are said to occur, but would appear to be exceptional ; in the 
latter the flat bands are in dykes of diorite, therefore veins, and not 
beds at all. The auriferous beds now described are numerous and 
rich, in both the Silurian (?) and Devonian (?) formations, and 
possess an additional interest from their (so far as I am aware) 
novel mode of occurrence. 

One side of the quartz seam called “ Moodie^s Reef,” which would 
be its north wall if a true vein, but is what was originally its under- 
side as a bed, is plentifully sprinkled with specks of gold, rather 
fine, but stiU quite visible to the naked eye. There is gold also in 
the body of the quartz ; but, so far as I have been able to ascertain, 
only in small quantity. The abundance of tbe metal on one side 
must, however, give a good average yield of gold per ton. On the 
same side of the quartz there is also a streak of green mineral, not 
carbonate of copper, which at first sight it resembles, but probably 
chlorite or some form of serpentine, traces of which are also apparent 
in the body of the quartz. 

There are other seams of auriferous quartz in the immediate 
vicinity ; some of these, discovered before the time of my visit, did 
not come under my notice — others have been opened since, and 
some of them, the “ Ivy Reef” for example, are said to be very rich 
indeed in gold. 

6. Some miles east of Moodie’s Reef the Umvoti Reef” occurs as 
a seam of dark-grey quartz, sometimes almost black and flint-like 
in appearance. This seam is also in the bedding of the rocks, which 
are hard dark-coloured schists, quite vertical, but here striking to N.E, 

The “ Umvoti Reef” is also a seam (in the bedding) of dark- 
grey (juartz, varying from 0 to 12 inches in thickness, and contains 
fine gold ; the sample assayed by myself, and in which no gold was 
visible, yielded the metal at the rate of 16 oz. 13 dwt. 8 grs. to the 
ton §. 

c. “Barberis Reef” is close by the Umvoti, but appears to be a 
true lode, as it is transverse to the strike of the stratified deposits. 

^ tTukee’s ‘ Manual of Geology,* 3rd edit. 187-, p. 303. 

t Ihid. p 305. I ‘Eleinonls of Metfillurgy,* 1874, p. 693. 

§ Described in tlie author’s Report, November 1884, as yielding gold in the 
proportion of from 1 to 140 oz. per ton of 2000 lbs. 
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It is of a different character — a creamy-white compact quartz-reef, 
from 4 to 6 feet wide, dipping E. 70"" and striking E. of N., whilst 
the stratified rocks here strike N.E., a difference of upwards of 
30 degrees. 

d. Still skirting the granite, but now in a northerly direction, we 

come to the Caledonia on the southern or right-hand bank 

of the Xaap lliver. The rocks here are schists, shales, cherts, 
and quartzites, nearly vertical and striking N.N.W. by N. In 
one place, upon an isolated hill some 700 or 800 feet above the 
river, the reef was exposed. It is a seam of (juartz, which may or 
may not be exactly in the bedding, in close contiguity to a large 
dyke of trap-rock. 

The “ Cidedonia lleef apparently strikes with tho strata, and is 
a vein of gre} quartz, slightly honeycombed, the cavities generally 
filled with limonite and sometimes enclosing crystals of carbonate 
of copper and other minerals. The vein passes down vertically, 
varies Irom 1:^ to 18 inches in width, and is auriferous througboiit. 

Although this reef strikes almost, or quite, in the same direction 
as the schists, I am inclined to regard it as a true vein rather than 
as a seam or bed, becau>e there are smaller veins, or “ leaders,” 
branching from it with a different direction ; also because there is, 
on the west side, another reef of quartz, greatly resembling that of 
Moodie’s lleef and following a somewhat transverse direction. As 
both cannot coincide with the local strike, one, at least, must be a 
true vein ; of the two. I think, for the reasons given, that one is 
the Caledonian reef. The other reef ‘‘ gave a i>rosj)cct of coarse 
gold upon being simply crushed and washed " on tho ground. 

e. Some 7 or 8 miles due north from the Caledonia lleef, tlie 
rocks on two other gold-l)earing properties were found to “ consist 
of siliceous beds so highly altered and contorted as to have beeji, in 
part, converted into jasper. Eurther ciist, and probably higher 
in the series, shales come in, then another series of hard grey 
schists; the^same strike, W.N.W., and the same vertical position 
being still maintained. These old stratified rocks are traversed by 
dykes of diorite and other plutonic rocks in various directions”*. 

Just west of Kaffir Sj)ruit a seam has been opened of grey 
quartz, much stained by oxide of iron. This vein can be followed for 
a considerable distance, striking W.N.W. — it is almost vertical, but 
hades slightly to the eastward. It is 18 or 20 inches wide, and 
carries gold, as tested, in the j)roportion of 2 oz. 1 dwt. 1 gr. to the 
ton of 2240 lbs. Two other trials of the same stone gave a mean 
yield of 1 oz. 15 dwt. 14 grs. to the ton. 

“ To the west of the above lode are some leaders of black (juartz, 
which gave ‘ good prospects ’ of gold. On the east side of Kaffir 
Spruit is a vein of grey quartz, 18-24 inches wide, apparently a 
continuation of the above lode, being just in the line, and having the 
same width and direction t” • This is evidently an intorstratifiod 
scam, being coincident with the shales in dip and direction of 
strike. 

* The author’s Eeport, Nov. 1884. 


t Eeport, Nov. 1884. 
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/. Several miles to the N.W., and still bordering the granite, we 
come to the so-called Welcome Keef,” on the south bank of the Lam- 
pongwana river, and 10 or 12 miles due east of De Kaap. Here the 
rocks are similar to those of the Caledonia reef, a soft talcose or 
steatitic foliated schist being also exposed — still vertical, but now 
striking N.W. The reef is a seam of quartz, apparently striking 
with the stratified rocks. 

The “Welcome Keef’’ appears to follow the strike of the rocks, 
N.W., but this is not certain, and it dips somewhat into the hill on 
the west, whilst the strata, being here tilted by the granite, might be 
expected to dip, if at all, the other way ; the evidence, however, 
is very obscure. The lode varies from 6 inches to 6 feet, and 
consists of white and tinted glassy quartz, containing much earthy 
carbonate of copper and oxide of iron, with occasional specks of 
visible gold. Some veinstone, taken at a depth of 15 feet, yielded 
gold at the rate of 1 oz. 4 dwt. 21 grs. per ton. All stone having 
been rejected in which the metal could be seen, it will be within 
reasonable bounds to assume an average of between li and H oz. 
per ton. 

The above observations extend about two thirds around the cen- 
tral boss of granite, and show that thus far the strike of the stratified 
rocks coincides with its margin, varjung, as it does, from S. of E., 
through N.E. and N.N.W. to W.N.W. This affords ample evidence 
that their upheaval into a vertical pobilion is due to the intrusion 
of the granite. Along the western side of the granite the same 
phenomenon is evident, although not so clear, owing to slips and 
accumulations of talus under the high krantz; but the edges of 
vertical rocks may be occasionally seen, striking in a generally 
northerly direction. I think there can be but little doubt, if any, 
that the Kaap Mountains and the Godwaan Plateau nearly coincide 
with the margin of the granite. 

The north-westerly strike, which was the last observed, appears 
to be continued, but rather more westerly, beneath the Godwaan 
Plateau, as vertical schistose rocks, with W.N.W. strike, arc seen 
in the bottom of the Eland’s Spruit valley. Between those points 
there is a ridge or spur jutting out from the “ berg ” a little N. of 
De Kaap, in an E.N.E. direction. The beds forming this ridge are 
quartzose foliated schists, of a peculiar character and different from 
anything I have seen elsewhere. The strike of the beds coincides 
with the ridge, W.S.W., and they dip very sharply to the N., in- 
deed are almost vertical. To the north of the ridge the grai^te 
again comes to the surface, and, as stated before, widens out towards 
the Krokodil Biver, and then passes in under a series of rocks 
newer than those above briefly described. It probably forms the 
low country “ below the berg,” or rather perhaps the flank of the 
mountains to the north, and sweeps round by the Olifant’s lliver, — 
at any rate granite has been observed far away to the northward, 
“ Beyond the Limpopo both Jeppe’s and Baines’s maps indicate 
‘ Granite ’ up the Bubye Eiver, and the latter portrays a ‘ high 
Q.J.G.S. No. 164. 2 s 
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granitie range’ running in a ir.E. direction fromlat. 20^ 30' to 
irWB*” 

5« Devonian ? Socks . — ^Aftor the rooks whidi I have referred to 
aa Silurian had been tilted into their present vertical position by 
tile upheaval of the central mass of granite of the Eaap Yi^ey, 
they were cut down to a “ plain of (probably) marine denudation.” 
This old plmn is at an elevation of 1700 or 1800 feet above the 
present general level of the Kaap Valley, which has, of course, been 
much more recently excavated. Upon the upturned and denuded 
edges of the Silurian rocks, those which I here provisionally term 
^‘Devonian” were deposited. (The Megaliesberg Beds” of my 
paper on the Coalfield, Q. J. G. S. vol. xl. p. (500.) 

At the base of those Devonian rocks is frequently seen a series of 
conglomerates and sandstones (with some shales), which is fairly 
well exposed about De Kaap, “ formed from the waste of the under- 
lying Silurian beds, and of any quartz veins that they may have 
enclosed ” t. The Kaap sandstones arc highly crystalline, some 
coarse, others fine in texture, in thick beds which have weathered 
into massive tabular blocks, which impress a peculiar distinctive cha- 
racter upon the appearance of the country. 

These sandstones and conglomerates thin out to the north, as th<* 
immense series of shales (with occasional sandstones), by which they 
are overlain, rests directly upon the granite on the other side of the 
Krokodil Biver. At De Kaap they uflbrd additionjil evidence that 
rich gold-lodes exist below them, or at no great distance, in the 
Silurian rocks from which they were derived ; for they are frequently 
auriferous, containing not only fine gold but nuggets, especially the 
conglomerates. An analogous case, hut of course one of recent 
date, is the occurrence of fine gold in the sand of the sea-shore (and 
probably, of course, gold in the gravels) upon the west coast of New 
Zealand. 

Above the sandstones comes a very large series of shales and flag- 
stones, fissile and thin-bedded, which generally are grey, hut weather 
to yellow or dirty yellow or dirty brown. In some localities, as 
along the valley of the Eland s Spruit, there occurs a series of cherts 
and quartzites, which appear to replace the lower shales. 

High up in the shales, hut not by any means near the top of them, 
are two or more series of a peculiar, blue, fine-grained, calcareo- 
siliceous rock, to which Mr. A. C. Cruttwell and myself have given 
the name of “ chalcedolite.” We adopted this term in consequence 
of the chalcedonic texture frequently displayed — indeed, some por- 
tions of the rock are true chalcedony. Sometimes it occurs in 
amorphous masses, weathered to a grey colour, and to a peculiar, 
rough, trachyte-like surface ; hut mostly in thin beds, 2 or 3 inches 
in thickness, with earthy partings, the lines of lamination being 
wavy and indistinct, except where exposed by weathering. The 
rock appears to be the result of intermittent deposition, probably 

♦ Guide to the Goldfields, p. 62, 
t Beport, Dec. 1884. 
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in an inland sea, from water holding much silica and some lime in 
solution. 

The chief exposure of these chaloedolites is along the Blyde-river 
valley, best seen on its western side or escarpment, where the rock 
occurs in two series, the lower several hundred feet in thickness, 
with shales above, below, and between. It contains fine gold in 
places, and, where in a decomposed state, it has been worked as so- 
called “ rotten- reef ” to a considerable extent. There are numeroits 
old workings in it, following fissure-veins or old weathered crevices, 
frequently on an extensive scale, as in Hotunda Creek, which opens 
to the Blyde River, and again a few miles to the west of Pretoria. 

Still higher up in the shales, there are series 'of sandstonoi^, some 
compact and very highly metamorphosed, others more coarsely 
crystalline, and resembling those of fie Kaap. These and the asso- 
ciatad conglomerates arc sometimes found to be auriferous. 

These Devonian rocks moreover are traversed by dykes of diorite 
and other trap rocks ; and immediately upon them, with an uncon- 
formity not very strongly marked, but still probably representing an 
extended period, rest the “ High-Yeldt Beds ’’ *. 

0. Sections and Auriftroas Deposits^ ^”7* — The following are 
brief notes of sections, commencing on the south at De Kaap, and 
ending on the north in the Orighstad Valley ; — 

a , At De Kaap “ the lowest rocks of this series are highly crys- 
talline sandstones and conglomerates .... Immediately above the 
sandstones is a series of shales ; ’’ these are overlain by another 
series of sandstones on the higher ground to the west, succeeded 
b} more shales which pass in under, or are replaced by, the cherts 
and quartzites of the Eland's-Spruit Valley. 

The conglomerates here, and in a less degree the sandstones, are 
auriferous (see above, p. 576). The shales above the sandstones 
enclose veins of auriferous quartz, one of which yielded gold at the 
rate of upwards of an ounce to the tonf. 

— The Godwaan Plateau is on the upper of the two series of 
sandstones, which are exposed to a considerable depth in many 
natural sections, such as krantzes and caves, as well as in the 
mines. Shales occupy the surface, sloping down towards Eland’s- 
Spruit Valley ; both these and the sandstones are crossed by quartz 
reefs and dykes of diorite. 

There are several “ reefs ” on this plateau, some of them being 
very rich in gold. (1) The “ Homeward-Bound Reef,’’ which, so far 
as opened, is a vein of soft saccharoid quartz, with some hard quartz, 
much earthy matter, and oxide of iron, several feet in width, 
striking N. and S., and enclosed in fairly well-defined walls. The 
lode, however, is much split up, and, as it were, spread out near the 
surface, becoming more compact and regular below. I have no data 
for estimating the yield of gold from this lode, which is certainly 
rich, for some hundreds of ounces are obtained every week by small 
machinery. The gold is remarkably fine, like fiour, and requires, 

* Quart. Journ. G«ol. Soc. vol. xl. (1884), p. 660. 
t* Eeport, Dec. 1884. 
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therefore, ^roat care in manipnlalion. Then h a eiising of jpoy, 
honeycombed quartz, several inelies thick, on tho w<n 1 hidt* of tlu' 
lode, which contains silver. 1 hav(' made no tsHay of this, hut was 
infonned that Messrs. Johnson and Matthej h ul etu*liried 1(5 oz. t<» 
the ton. 

(2) Three 4 )r four hundred vanK to the t is Haut4*nlmcirh 
Reef/’ a mass of soft, earth\, auriferous j^round. whi<'h aj>peurs to 
occupy nearly the whole of the ridp:t* parallel !<» that of the ‘ Home- 
ward Roumrileef.” There are in it, luiwevt r, numerous <juariz 
strings, dipping from either hand towards a central line, and stH'ming 
to indicate a downward extension of the lode in a more restricted 
form. tSomo spots ^an' very rich in fine gtdd. others jK>or and oven 
barren, the metal not iK'ing at all equally ilistrihuti'd. 

Since my last visit to this place, I have reeeivtMl a letter, dated 
13 Dec., 1884, from which the following is a short extract : — In 
continuing the large cutting .... 1 have come on a very large lode 
of rich quartz ; it is about 13 feet wide, and runs to all appearance 
due E. ; it seems to branch out from the Homeward Round Reef. I 
have taken out of it to-day aiwui (>(> tons, and it is very easily 
worked.^ There are other auriferous reefs on the plateau, some 
rich in gold, hut only the above are yet ojauiwl to any exUmt. 

c\ AWut 14 rnile^ to the wt*stwaitl nf the (iodwaan Plateau, I 
have examined a block (»f fann.s t»n the tabh*-land lH»tW(*on Eland*# 
Spruit and the Krokodil River, finding the rocks to Ik* : — Sandstones 
on tho higher ground .... rej'ting u|>on grey thin-lK*ddcd shales, 
which, in turn, rest ujwii a sent^s of bt*<ls of chert, ({uart/ite, and 
arenaceous shales *’ 

r|>on the block of farms lx*twc4*ii Eland’^ Spruit and the Kro- 
kodil River I traced the outcrop of several tpiarlz-reefs ; these have 
not l>een opened up, hut the surfaee-sjx'cinu’ns \ielded gold in pro- 
mising quantity. 

Al>out miles still furihvr west the main road from Xatal jiasses 
down a ^ cry steep hill into tho Krok<f(lil Vnllou and slniJea are 
exposed from top to bottom of the descent, ex( ej>t where intersected 
by some largo diorin^ djkes. 

About thirty milen further down the valh'y, and on the oj)j) 08 ite 
side of the Krokodil River, the road from Spit/.kop iilso comcB down 
a ver}' steep incline. This shows shales in it.s upp(T portion, which, 
part way down the hill, rest directly ux)Oii the granite of the Kaap 
Valley. 

At tho head of the Stadt’s River, which about hero joins the 
Krokodil, I went over a farm, finding it to consist of shales, except 
on the highest ground to the N.W., which is sandstone. Tho whole 
country from hero to Lydenburg is nearly all shale, with sandstone 
on the higher ridges. 

d'. Around Lydenburg the rocks consist principally of a series 
of shales, several hundred feet in thickness, with occasional beds of 
sandstone, dipping to the westward. On the Lydenburg town- 
lands “ a reef of quartz, 2 feet in width, crops out along the top of 
* Report, March 1884. 
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tlie ridgo on the west side of the Dorps River, striking N.IS'.E., and 
liavirig an easterly dip of about 80°. This reef is in a diorite dyke, 
to the depth already proved of over 50 feet, and will yield gold at 

the rate of 9 dwt, to the ton* The shales and sandstones 

ore highly metamorphosed throughout, but especially so where in 
fontiguity to the numerous dykes of diorite and other plutonic rocks 
by which they arc traversed in various directions. As a rule, such 
dykes are more or less vertical in relation to the strata through 
which they pass; but there are several on the town-lands that 
almost if not quite coincide with the stratification.” 

Six miles north of the town the Pilgrim’s-Rest road winds down 
a steep hill to the “ drift ” across the Spackboom River. The road- 
cutting exposes grey shales all the way down, except where they 
are broken through and locally displaced by a diorite dyke, which 
the section shows plainly in the various stages of concentric weather- 
ing. The shales below the dyke are black, like slate in appearance 
and composition, but without any sign of cleavage. (The absence 
of true slate is somewhat remarkable. I have not yet seen it in any 
part of South Africa.) 

From Lydenburg the country and the beds rise to the east- 
ward with a long “ dip-slope,” and a few miles in that direction lies 
the “ Paarde-Plaatz,” or Horse-farm, belonging to the town. “ The 
rocks of Paarde-Plaatz are altered shales on the western margin, 
which overlie a series of crystalline false-bedded sandstones that 
crop out along the edge of the mountain, and form the higher grounds 
in the centre and on the east side of the farm. These sandstones, 
in turn, rest upon another series of shales that occupy the lower 
grounds, and stretch away to the eastward” t. There are numerous 
seams of quartz, varj'ing from 2 to 18 inches in thickness, inter- 
stratified with these sandstones and lower shales, and those will be 
referred to presently, as they are rich auriferous deposits. There 
are also vertical veins of quartz which contain gold. 

Paarde-Plaatz. — In June last year, when examining this ground, 
I picked up a loose piece of crystalline quartz, very promising in 
appearance, and in such a position that it must have come from a 
reef within a short distance. It yielded gold at the rate of upwards 
of 5 oz. to the ton. There was no sign of the outcrop of a true lode, 
so trenches were cut under my direction, and by this means the 
source of the loose lumps of quartz was discovered. It proved to 
be a flat seam of red-brown crystalline quartz, perfectly interstra- 
tified wuth the bedded rocks. Kumerous other auriferous quartz- 
seams coincident with the stratification were afterwards opened a 
few feet apart in the shales and sandstones. These seams extend 
over a considerable area, and vary in thickness from 1^ to 18 inches, 
and in yield of gold (some barren) from 9 dwt. 1 gr. to 6 oz. 17 dwt. 
10 gr. per ton. The average of fourteen assays of stone from these 
flat seams, and calculated upon their various thicknesses, is 3 oz. 
0 dwt. 16 gr. per ton. 

* For this and neighbouring reefs see the author’s Report, Dec. 1884. 

t Report, Sept. 1884. 
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There uro also auriferous Uwles hens trafwv»^r«e to the bedding ; 
one ** a nearly vertical it»ef, coiiHieliiiK <>f imle quarU and art'- 
naoeous streaks, much deot>miKiaiid, but pr^euimg Uie general aji- 
pearance of a fiaaure-vein* This 1 <h1o varit** in width from a few 
inches to several feet, is locally irregular, but upon the whole follows 
a well-defined course for eoveral hundred yards along the face of 
the krantx. . . . The stone yields gold at the rate of 18dwt 16 gr. 
to the ton”*. 

/ . Still further east is ** Mount Joker,*' where the rocks consist 
principally of crystalline false-boddod sandstones overlyii^ a series 
of shales, whidbi, in turn, rest u|>on another set of similar sand- 
stones. in the sandstones shales also cK'Cur as well as con^o- 
merates, and fret]uent seams of quartr, some of which, where 
Uste<l, have been found auriferous ** t. Uixm Mount Joker a 
seam of quarts <‘n>pst out. or it may Iks ta*o or more seams, 
as the rugged nature of the grountl rorulers it difficult to trace 
the line from one i)ros|)eoting hole t4> another. The quarU is 
bluish-white, much broken up at the outcrop, and contains much 
oxide of iron and some oxide of mangane^v It occiirH interstrati- 
fied betwt^en an altered shale (almost a nehiHt ) Ixdow, and sandstone, 
also highh altered, above. At the Imse of the Handst^me there is 
generally a coarse auriferous eongltmiernte, nesting din'd 1\ upon 
the <|uartz, and vaning from 6 to 15 inches in thickiu'SH. IIm* 
quartz also varies in its thicknesH from 2 to U inelu^s, the* average 
being about 5 inches.’’ ’i’he yield of gtdd variiHl from 5 dwt. to 
4 oz. JiS dwt. per ton, f<» an ?i\enigo on this seam (or tliew* 

seam«!) of ven' nearly 1 oz, 7 dwt. to the ton”:f^. 

(/\ On the south of Mount Joker is the farm “ Oe Kiiiien,” where 
the beds are similar to thoHc at the low'er levels of (hat moi/n(/iin, viz, 
shales, sandstones, and shales, with a westerly dip of from to 7®. 
From here all along the Spitzkop road only shales are W'oii, with 
the exception of intrasive dykes, until near Ross Hill, a few miles 
west of the Spit zk op mountain. On Do Kuilon “ a quartz reef can 
be traced from the head of the small gully, under the marshy ground 
by the road, rising again beyond the tlal.” Its yield is estimated 
at little less than an ounce to the ton. Just beyond where the road 
passes down a steep incline a (juartz-reef occurs, with an estimated 
yield of not less than 1 oz. of gold to the ton §. 

n\ About Ross Hill the rocks become siliceous in character. 
Sandstones, cherte, and quartzites, previously seen in the deeper 
valleys, now come to the surface. Here also chalcedolites are seen, 
but not in great force. The mines of Ross Hill are partly in 
“rotten-reef” and partly in diorite. I have no definite data 
respecting the gold-veins here, but they must be rich, as three 
diggers, after working upon them for about two years, took away 
6000 ounces of gold, chiefly derived, I believe, from quartz-leaders 
in the “ rotten-reef.” I have seen fine specimens of gold in quartz 
from these mines. 

* Report, Sept. 1884. 1 Report, Jan. 1885. 

t Report, Jan. 1885. § Report, Feb. 1884. 
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i\ South of the Spitzkop mountain is “ Grey’s Creek,” near the 
mouth of which is an old heading, driven 60 feet into the liiH , 
This shows a seam of quartz from 1 foot to 2 feet thick, between 
decomposed chalcedolite above and brown sand (? decomposed dio- 
rite) below. These beds dip W. at an angle of 5°, and underlie the 
shales that form the high ground on the west. The quartz seam 
here, interstratified with the beds, varies (where opened) from 1 foot 
to 2 feet in thickness, and yiel^ an average of 8 dz. 12 dwt. of 
gold to the ton. 

Upon the farm called Spitzkop,” north of the mountain of 
that name, are numerous cuttings made by the miners, nearly all 
in shales and flagstones. Towards the east side, however, the more 
siliceous beds come in, and where exposed in some open mines, 
they are much decomposed, especially the lower few feet resting 
upon the saddle of a decomposed diorite dyke. On the east side 
of the farm the so-called ‘‘rotten-reef” has been rather exten- 
sively worked in two claims, where it rests upon the saddle-back 
of a decomposed diorite dyke. The numerous quartz-leaders in 
the shales “vary even in a few feet from 3 inches to | inch in 
width ; they vary slightly also in dip and direction. Their average 
width may be taken as 1| inch; their general dip S. 50® to 55°; 
and general direction E. to W. The direction of the dyke being 
W.N.W., the loaders strike it at an angle of about 20 degrees.” 

In the shales are very many thin veins of quartz, more or less 
vertical, which, in the lower 8 to 5 feet, are broken up and indis- 
criminately mixed with the matrix, thus forming a so-called “ rotten- 
reef.” This tcTm is also applied to the several feet of strata exposed 
above, although less decomposed. 

Fig- 2. — /Section of “ Motten-lleef,’^ SpitzJcop, 

Shaft, 25 ft. deep. 



a. Tilted shales. 6. Diorite Dyke. 

c. The “ rich layer.” 

The section, fig. 2, shows a shaft 25 feet deep down to the dyke, 
along w’^bich a drive has been made 35 feet to the N.N.W., following 
the downward dip of the “ rich layer,” here consisting of 3 feet of 
“ rotten-reef,” w ith from 1 to 2 feet of poorer “wash” between it and 
the dyke. The shaft is sunk through contorted and partly decom- 
posed shales, with auriferous quartz-leaders. 
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Him) aesaye made gave :— 

No. 1. (iuart35> with oxides <>f inm and mang inea<\ 1 o«. 10 dwt. 
11 gr. ot gold to the ton of Ib, 

No. 2. y oz. 0 dwt. 10 gr. of gold to tlie ton of 2000 lb. 

No. y. 0 dwt. 2 gr. of gold to the ton of 2t»<K) lb. 

An open section at BpiUkop show’s the upper part, oonsistiiig of 
soft shales, contorted by the irruption of the dyke from below (as in 
fig. 3), with quartz leaders averaging alwut six feet apart Between 
the shales and the dyke occurs the ‘‘ rich layer of black decomposd 
shale, traversed irregularly in evt»rv direction by broken* up veins of 
quartz. Of this layer, o feet thick and conformable to the dyke 
below, the upper 3 feet are very rich ; it dips X. by, K, into the hill 
at an angle of Average samples were taken from this layer by 
picking down through its whole thickness in several places. The 
relative projwrtioiis by weight were o/. of de(‘onijK>8od shale and 
oxide of iron to 1 oz. of quart/. Upon assay, the average sample 
of the rotten-rc*ef was found to }ield It) dwt. 5 gr. of gold to the 
ton (2000 lb.). 

Other neighbouring sections of rotten-reef,” shales, quartz- 
leaders, and “pay-dirt,” are deHcrilnxl in the authors Uejwrt, July 
18S3. “ Some shafts ai*e sunk through what ap|R»ars t*) 1)0 an 

interstratified mass of deconijM»>e<l <liorite ; if s(>, it in an intrusion, 
probably from the main d\kt‘, as the shalt^s are dipping under 
it from cither side, and disclose beneath it 2 fct*t of vert rich ‘pay- 
dirt.' ” One of these shows : — 

3 feet surfacc»-soil. 

2 „ rich “ pay-dirt.” 

0 „ decomposed dioritc. 

10 „ partly decomposed shales Avith six IcadtTS ]>assed through, 
the lowest one luxirly horizontal. 

A similar belt of rocks occurs from Hpitzkop down to the Subic 
River, wdiere the fine falls by the roadside are slowdy cutting their 
way back in a mass of sandstone, in Avhich their waUTs have already 
formed a ravine many hundrc*d yards in length. Thence to the 
“Mac Mac diggings” similar rocks prevail, indeed all along the 
level plateau which borders the low country. 

k'. The farms “ Lisbon ” and “ Berlyn,” formerly called “ Water- 
fall,” arc situated on this plateau, and are now being worked by a 
gold-mining company. The rocks here are shales, occasionally 
arenaceous; on the oast side are crystalline sandstones, faulted 
against the shales ♦. Homo of the hills around are capped with 
cbalcedolite. The shales are nearly horizontal, and are intersected 
at frequent intervals by veins of quartz, varying from 2 to 6 inches 
in thickness, and dipping at a high angle. Those thin veins are 
auriferous, and appear to be “ leaders ” from the main quartz-reefs, 
which run in a nearly N. and S. direction across the iiroporty. 

* See GeoL Mag., April 1885, p. 171. 
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The gold lodes consist of main quartz-reefe and transverse leaders ; 
“These leaders are thin (a few inches only in thickness), and 
consist partly of white quartz, partly of oxide of iron and man- 
ganese. Two of them sometimes merge into one, and occasionally 
two or more unite to form a main lode close to or in contact with 
the dyke. Almost without exception the gold-mines of this district 
are in such leaders in proximity to diorite dykes.’^ An average 
yield of 4 o«. of gold to 2000 lb. of quartz was the estimated 
result of several examinations. 

Several main and branch dykes of diorite are traceable for long 
distances, and in some instances are well exposed in the open mines. 
In two cases the shales are sharply tilted by the dykes on the west 

^ Fig, 3 . — Section of Diorite DyJce^ Lishon-Berlyn. 



side, and in one on the east they are slightly contorted on the other 
side. In the section the weathering leaves hard kernels of blue 
diorite with concentric rings, semidecomposed, shading off into the 
soft brown mass, which otherwise resembles an alluvial loam. 

l\ A few miles S.W. of Waterfall are the farms about “ Pilgrim’s 
Rest,” belonging to the Transvaal Gold-Land-and-Exploration 
Company. The rocks here are higher in the series and are more 
siliceous in character, the lower main mass of chalcedolites being 
in considerable force. Their chief outcrop, however, is along 
the west side of the Blyde River. Here, ^so, are many diorite 
dykes, one of which, a small branch dyke in Pilgrim’s-Rest Creek, 
has tilted the adjacent bods inversely to the usual position. 
With the exception of the rich alluvial deposits in the creek, the 
ground chiefly worked here for gold has been the “ rotten-reef,” 
similar to those previously described. The chief of these are at 
Brown’s Hill and Ophir Hill ; but I have no data upon which to 
base an opinion as to their value, which is regarded as high. 

Crossing the Blyde and mounting the steep escarpment to the 
west, we find shales cropping out from top to bottom, with the ex- 
ception of the upper of the two main series of chalcedolites inter- 
vening part way up the hill. The shales have generally a small 
westerly dip, but are locally thrown to high angles and into various 
positions by plutonic dykes. The chalcedolites are much decom- 
posed, and a bed of quartz, at least one foot in thickness, is seen 
amongst them. On the summit of the hill is a series of crystalline 
sandstones. 
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m'. Jut Math of the to»d pamag up the etmiptneat ji a pi eeg 
of gronad called “ Feaoh Tree," nearly all on sbiilei, bat also with 
f aB thfaHM w on tiie t(^ of the hill, tfhere it on the taUe-land a 
hidbfy femi^oaa bed, which has been voilced by the natiTiM for 
iron. l%e shales are intersected by platonic dykes and hy two 
nearly vertical quitz-reefs, aboat 12 wchea wide, which strike 
nearly N.E., and yield gold at the rate of upwards of an oanoe 
to the ton. 

n'. Following the upper serice of cbalcfnlolitae n few mil^ north, 
we come to “ Rotunda Creek,'’ which alforda aeotione at intervals 
iTom the top of the hill to the Blyde River ; and hm w© find the 
rocks following the usual onlcr of the escarpment. Kotton -reefs, 
containing fine gold, have Wu worked hcr<^ There is also a large 
main reef, consisting almof«t ciitinly of coarse cr)‘stals of quarU, and 
ver}* ferruginous ; it is at leant 4 feel wi<ie, and fields ooarec gold, 
upon the average not k*s» than 4 oa. to the ton. 

o’. Still further north, ** KasjifirV Xt*ck ** is on shales and quart/- 
itee. Th«‘ lower 84‘ries of < lialeHlfdites crojw out on the t^ast ; the 
upjKT series in the small valle\ on the w«*st. 

j/. The small stream \ieht or Kosjiars \<*c‘k joins the Orighstad 
River; and in that valley, a few imle» abo^e the junction, the rocks 
are, in ascending order, <|Uart/Jtes and chert h, cr\stalline sand- 
stones. shalf's, conglomerates, ‘'hales, fjuart/ileH. arjd cherts, all djj)- 
ping at a low' angle. In the Orighstad A'alle\ are Si»rne highly 
crystalline mndsUmes, 10 feet or more in thickiirsfy, which yield 
gold several pennyweights io the ton, as do uUo the (‘onglomi Tate 
beds associated with them. 

Towards the head of the Orig-hstad Valhy the rocks are chiefly 
shales with sandstones, having a ell-defined conglomerate at their 
base, on the hills and ridges. From this ]>oint back to Lydenburg 
tbe surface is occupied by shales, ^onu limes arenaceous, which extend 
almost without iiitermisbion to the High Veldt, where they ])ass 
beneath the coal-bearing formation. About the head of the Origh- 
stad Valley there are many quartz-reefs, one of which, over 2 feet 
in width, strikes almost E. for Filgrim’s Rest, and carries gold in 
the proportion of more than an ounce to the ton. 

About the Speckhoom River, near the “ drifts,” are numerous thin 
veins of quartz, some in dioritc, others in shale, all of w hich, so far 
as examined, contain more or less gold. 

§ 3. Alluvial Auriferous Deposits. 

In the Lydenburg goldfields some few patches of voiy" rich allu- 
vial deposits are known; but, considering the great extent of the gold- 
bearing area, and the <|uality of the reefs in some places, it is 
remarkable that no largo alluvial field, like those of Australia and 
California, has yet been discovered. Two years since, when writing 
of the Kaap goldfields*, 1 ofibred some observations on the river- 

• Guide to the Goldfields, pp. 61, 57. 
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yalleys and alluvia^ and the probable occurrence of gold in those 
that came from rich quartz-reefs. 

Alluvial gold has since been discovered about James Town on the 
LampongwanUf or Northern Eaap Biver, and near other streams in 
the Kaap Valley ; still the area of payable ground, as &r as thus 
known, is not suf9.oiently extensive to support a large popu- 

lation. A few of the chief alluvial deposits may be noticed in the 
same order as the more permanent lodes have been. 

e, KaffirSpruit (p. 574). — ^There is a large quantity of loam, gravel, 
and similar alluvial deposits, along the margin of the river and 
spruit, as also in their tributary valleys *. I may add that extensive 
diggings have been carried on during the last two years, near James 
Town, with a fair measure of success, in the Lampongwana 
River. 

A digger has secured rights to a large quantity of water (15 
heads) from the river above; and as he proposes to bring it to 
his ground by cutting a race from 15 to 18 miles in length, it is 
evident that he has found the deposits rich enough to warrant such 
an undertaking. 

In several places along the Kaap rivers, and even up to their 
sources about the mountains on the west, good alluvial gold has been 
found. 

a\ De Kaap (p. 577). — “ In all the creeks good alluvial gold has 
been found ” — at one point in the Kantoor creek “ the numerous 
large nuggets for which the first ‘ rush ’ to the Kaap was celebrated ” 
— at another, several claims were worked with wonderfully good 
retunis.” At a spot south-west of the Kantoor there is a very rich 
alluvial, yielding a small i)roportion of reef-gold from the vein just 
above . . . and large quantities of water worn gold from the waste of 
the conglomerates.'’ Work is being carried on in alluvial wash, and 
from the fact of a long race and a dam having been recently con- 
structed to bring on the water, it may be assumed with very good 
returns f. 

h\ Oodwaan Plateau (p. 577), Barretfs RtLshP — About six 
miles north of the Kantoor is one of the small depressions, falling in 
a westerly direction, where nuggets were found, just where the road 
crosses the hollow. The ground here is almost bare sandstone, 
covered with a few inches only of soil, in which, and amongst the 
grass roots, the nuggets were discovered. 

“ Poverty Creel \'' — “ In the main or northern branch of Povei^ 
Creek, some good gold has been found. . . There has been more alluvial 
ground worked hero, in better form and to better advantage, than 
anywhere else on the plateau. There arc two distinct kinds of gold 
found at this spot, the position of each kind being clearly defined. 
From this fact and other circumstances it seems probable that two 
lodes here cross each other or effect a junction ” J. 

“ Willey^ s CreehP — Many nuggets were found here ; one that I 
saw weighed just under a pound. 

* Sco Report, Nov. 1884. 

I Guide to the Goldfields, p. 55. 


1 Rreport, Dec. 1884. 
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d\ Zudenbufy (p. 678).— At a point on tbo Doh'h lUver, about half 
a iuth of tho town, good coam^ gt>l<l luia bi ( » taktui from the 
graYol bordering the stream j and a large piece was found in grovel 
along tile stream that comes in from tho S,K. and m ar this point joins 
the Dciri>s The alluvial deixwits around the town are exten* 

sive, as well as of considerable depth and richness. I'he upper part of 
these deposits consists, in places, of a hard ferruginous^ ^ cement* 
stone/ or fine grovel cemented by oxide of iron, and containing gold* 
Beneath this there are several feet of sand and loam, also auriferous, 
and at the base is an extensive IkhI of coarse grovel and lobbies, 
which, wherever it has been tric’d, luw yielded coarse gold, in some 
places even in payable quantity 

h\ At Boss mil (p. as \v<»uUl naturally be oxi>6ciod, tho 
alluvial soil is rich in lint* gold. 

ffrej/s Cre J (p. 6SJ ) ofa us into the ^amc valley as the small 
stream from Boss Hill, and fu‘rc both coarse and tine ^dd occur, Oa 
the east side of the creek is* a of broken qnartx in a black sandy 
soil (apparently the shedding from tho eoufiguons iiuariz veins in 
chalcedoliteX which is auriferous. Further down the stream good 
coarse gold occurs in the alluvium. 

/. Spitzhop (p. ). — On the east side of this farm a chiim has 

been worked down a1)out lo feet on to the bed-rock, which hero con- 
sists of shale. At this point there is also an old chaniud beneath 
the iiUuvial ground, which is brown loam, and has hitherto proved 
rich in gold. The loam carries a biuall pro])ortion of fine gold 
throughout, hut is, of course, much richer just above the bed-rock ; 
in the old channel especially it has proved very rich, 57 ounces 
of gold having been taken out (as I am informed) from on(‘ paddock, 
about liO feet by 45 feet, after three weeks’ ground-sluicing’^ t- 
F. Berlj/n~ Lisbon ( WaUr fall) (p. oi<2 ), — The surface of the ground 
upon and west of Howse’s claims, and for some distance to tho north 
and south, is occupied by a terrace of sandy loam. On the opposite 
side of the river is another terrace, w^hich extends a long distance 
S., on the west side of a stream ; and there is another large patch, 
bordering another stream that flows into the river east of tho Falls. 
“All this alluvial yields gold ”5, and is now being removed by 
h)"druulic appliances. 

r. PilgrirrCs-llnt Creek (p. 583) is occupied from end io end by 
a mass of coarse gravel and fine loam, the gold from which at one 
time supjiorted many hundred diggers. The creek is very steep 
and narrow, and is but three miles or so in length ; its containing 
so much watcr-wom gold is therefore good ovidcnco of tho existence 
of rich lodes in the immediate vicinity. 

m. Peach Tree (p. 584). — Good alluvial ground has been worked 
in the creek, also upon Columbia Hill, where long races were cut 
merely for the purpose of sluicing away tho surface soil, to the 
depth of about a foot, for the sake of its gold. 

* Beport, Doc. 1884. t Beport, July 1888. 

J Beport, May 1883. 
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Botunda Creek (p. 684). — ^The alluvial ground has been 
worked, although not to any great extent ♦. 

jf', Orighstad Valley (p. 684). — Upon the farm ‘^Klipheuvel” 
there is a “ large body of alluvial wash, which covers the part of 
the farm bordering the stream ” t. Good alluvial wash has also been 
found on the farm “ Nauwpoort,” a few miles nearer to the head 
of the valley. 

Terraces, — ^The above notes refer to the alluvial deposits in the 
bottoms and on the immediate margins of the valleys ; but in many 
instances the terrace-gravels, which are relics of an earlier stage of 
denudation, are also gold-bearing. In Willey s Creek (V) and at 
Pilgrim’s-Rest Creek {V) are high terraces of rich alluvial wash. 

I have also observed patches of river-gravel at least 800 feet above 
the present Speckboom lliver ; but these, so far as I am aware, 
have not yet been proved auriferous. 

§ 4. Gold and Nuggets. 

The character of the gold obtained from these fields in the 
Transvaal varies almost with every locality, whether jfrom the reefs 
or from the alluvium. Some of the reefs in the Kaap Valley (a-/) 
carry coarse, others fine gold. At De Kaap (a') the gold is fine in 
the reefh and coarse in the conglomerates ; on the Godwaan Plateau 
Qi) the reef-gold is very fine. Near Lydenburg {d') the reefs 
produce generally rather coarse gold, although some on Paarde- 
Plaatz {?) is very fine. At lloss Hill (//) and Spitzkop (/) 
there are large specimens, but the bulk of the gold is very fine ; at 
Lisbon-Berlyn (%') it is coarse, as a rule, with occasion^ nuggets 
and some fine gold. Pilgrim’s Rest {V) produces fine, and Rotunda 
Creek (>i') coarse gold. In some cases, as at Spitzkop, Pilgrim’s 
Rest, and Ross Hill, the gold is very fine indeed, like flour, of 
which the grains can scarcely be distinguished even with a lens. 
This very fine flour-gold seems to bo confined to the “rotten- 
reefs ; the moderately fine to the flat quartz seams ; and the coarse 
to vertical reefs or true lodes. 

The gold from the alluvium in the Kaap Valley, as at Kaffir Spruit 
(c), is mostly “ scaly ” (in small flat pieces), rather pale in colour, 
not very much waterworn, and with occasional nuggets. At De 
Kaap (a' ) it is mostly coarse rich gold, extremely waterworn, having 
been subjected at least twice to alluvial action— first into the old 
conglomerates, then from them into the recent deposits. Upon the 
Godwaan Plateau (//), there is fine as well as coarse gold in the 
alluvium, the wash having been partly derived from the reefs that 
carry fine gold. At Lydenburg {d) the wash yields gold of a 
rather light colour, in scales and grains ; about Spitzkop i\ J) 
the gold is of good quality, fine in the wash on the higher lands, 
and coarse below. At Lisbon-Berlyn (/-') it occurs in a similar 
manner ; and at Pilgrim’s Rest (?') the gold is very rich, coarse, and 
vrith nuggets in abundance. 

* See the ‘ Guide to the Goldfields,’ pp. 17, 18. t * Report,’ May 1884. 
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The following may be given as examples of the occasional rich 
“ finds ” in these fields : — 

In 1873, at K'ew Caledonia, four largo nuggets with a number of 
smaller ones, collectively weighing 131b. 8oz. 

In 1874, at Barringtons claim, a nugget weighing upwards of 87 
ounces. 

In the same year, nuggets of 48 ounces and G9 ounces were 
found. 

In 1875, at head of Creek, Pilgrim’s Best, one of 8 pounds and 
another of 57 ounces. 

In the same year were found nuggets of 213, 69, 29 J, 57, and 
47 ounces. 

A nugget of 123 ounces was found in a terrace-claim. Upper 
Creek, at about 30 feet below the surface 

§ 5. Otheb Metals and Minebals. 

A few other metals and their ores observed in this district are : — 

Godtvaan Plateau (/>'). — Silver in the Homeward-Bound Beef. 

Here, and also at Do Kaap (o'), pieces of metal, soft and white, 
but oxidized on the outside and generally resembling lead in 
appearance, are frequently found in the gold-washing sluice-boxes 
of the diggers. I have tested some of these pieces from both places 
and found them to be zinc. If my tests be supported by others at 
home, the existence of native zinc will be coiifinned. 

Paarde Plaatz (c'). — In the auriferous quartz seams here the 
metal platinum occurs, ceriainl}' not in large quantity, but fairly 
constant, in connexion with the gold. 

Lydtnhurg (c?'). — Good copper-ores, sulphide and carbonate, 
have been worked here ; near the town on the north side, there are 
extensive old workings, now overgrown ; others also are seen near 
the Speckboom lliver. 

Rotunda Creel' (n ), — There is rich copper-ore here, both car- 
bonate and black oxide : and grains of native copper have been 
found in the alluvial gold-washing operations. 

Kaap Valley, Welcome Reef (/). — There is a large percenteige of 
copper-ore in the quartz here ; but no tests have been made of its 
value. 

Argentiferous galena occurs betwxcm the goldfields and Pretoria. 

Iron in many forms, including haematite, is abundant in the 
Transvaal. 


if 6. The Diobite Dykes. 

Frequent mention has been made of the dioritc dykes by which 
this region is traversed, and of the rocks being tilted and otherwise 
disturbed by their intrusion. There are other j)oints in connexion 
with them also worthy of notice. Befractory as diorite is in its 
normal state, it disintegrates much more readily than the softer 
^ See also * Ghiide to the Goldfields,’ p. 8. 
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shales and sandstones through which it often passes ; and this fact 
gives rise to definite physical and surface-features. 

Very prominent objects in the immense plains of South Africa, as 
also indeed amongst the mountains, are the long narrow ridges of 
what at first sight would appear to be waterwom boulders, but 
which are really cores from the concentric weathering of diorite 
dykes. Beneath them the whole of the dyke is often entirely 
disintegrated into a soft but compact argillaceous mass, passing 
gradually down into hard unchanged diorite. I have seen a good 
illustration of this where one of the head streams of the Krokodil 
Kiver passes through a deep gorge, the almost vertical sides of 
which expose a good section of decomposed diorite, capped by a 
mass of rounded cores that spread out beyond the walls of the dyke 
on either side to some distance. I think the rock weathers more 
rapidly below the surface ; it gets washed away beneath the harder 
cores, which settle down and accumulate along the line, repre- 
senting probably several hundred feet of the dyke, gi^ually 
weathered and removed by denudation. 

When no line of cores has been left, which frequently happens 
oil sloping ground, the course of a dyke may still be traced merely 
by changes in the vegetation : a greener tint in the grass — which 
is sometimes quite verdant, whilst that on the shales has been 
parched to a yellow or brown colour — ^by lines of bushes, by 
the growth of different kinds of plants, and so on. Single or 
parallel lines of dykes may sometimes be detected, even at a great 
distance. 

Where a dyke crosses a watershed from one valley to another, a 
tributary stream usually cuts its course along the weathered 
surface into each main valley until the two nearly meet at the 
watershed, leaving only a narrow ‘‘ neck or “ pass ” between. 
The rain-coll(3Cting area of such necks being reduced to a minimum, 
they are now subject, as ridges often hundreds of feet above the 
valleys below, to the least possible action of denudation. A good 
illustration of this phenomenon is the neck, about a hundred yards 
wide, at the head of two very deep gorges, one opening north, the 
other south, just east of the townlands of Lydenburg. On the road 
to Spitzkop there are four or five such necks (or weathered dykes) 
almost close together, being perhaps a hundred yards apart, many 
hundred feet above the ravines, and just wide enough for a waggon- 
road, with small rounded hills between them ; these are called the 
“ DeviFs Knuckles.’’ 
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o’. Kaspar’s Neck 084 

p\ Orighstad Valley 584 

q\ HefiS of Orighstad Valley ... .'>84 1 


Au.rvia Dimire. 


«. Kaffir Spruit 585 

0 \ Be Kaap 5a5 

Qodwiati Plateatt* 5^ 

PorertY Creek 565 

Creek 585 


<r. lydenburg 585 


A’ Rom HiU 580 

f . Grey’s Crw^k .580 

/. Spitakop Kami 580 

i\ RerJrn wjd Lisbon (VTatcr- 

fall) 586 

/' pjl^TJni V*R«'sl Creek 580 

in’. Peach Ttv^ 586 

n’. Rotunda Creek 580 

p’. Orighstjul Valley 587 


Disctssion. 

Mr. C. Thomas said that, having just, returned from the country^ 
he was able to state that the goldlield extends beyond the limits 
mentioned by the Autbir. It stretches into Swaziland, to the 
south and east of the district described. 

Mr. Bauerman remarked that the occurrence of gold in small 
quarta-grains immediately associated wdth diorite masses, as repre- 
sented in the Author’s diagram, was a condition well known in the 
Ural, Australia, and elsewhere. 
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44, On some Erratics in the Boulder-clat of Cheshire^ and 
the Conditions of Climate they denote. By Charles Ricketts, 
M.D., F.G.8. (R^ad May 27, 1885.) 

[Abridged.] 

The glacial phenomcHa in the valley of the Mersey indicate that, 
though daring that period the countr}*^ was entirely covered with ice 
and snow, these accumulations were no greater than were derived 
from the snowfall on the water-slopes of this and its tributary 
valleys. The glacier-stria? on the surface of the Triassic rocks 
coincide in direction with those of the respective valleys, or they 
have a . direct reference to the contour of the ground. Taking 
“Happy Valley’^ (now Borough Road), Birkenhead, as a typical 
example, the bottoms of the valleys, where channels have been in 
pre-Glacial times, are filled to a limited height with irregularly 
stratified beds of sand and gravel, their presence in other valleys 
being revealed by excavations and borings for wells, &c. * The 
sands have been derived from disintegration of the Trias ; whilst 
the pebbles are similar to the erratics so abundant in the Boulder- 
clay, excepting that all traces of striae <fcc. have been removed, it 
is presumed, by water which, holding sand in suspension, issued 
from beiu‘ath glaciers. On these gravels &c. is situated Boulder- 
clay containing a much larger proportion of sand and pebbles than 
the Boulder-clay proper. The flanks of the valleys frequently 
have rock-surfaces covered with unstratified sands and angular 
fragments of sandstone, without intermixture of erratic pebbles ; 
they are considered to be moraine accumulations left by glaciers 
which extended into the sea. The whole is covered with Boulder- 
clay, a reddish-brown unstratified clay containing pebbles and 
boulders irregularly dispeised through it. 

Besides the accumulations of Triassic fragments already alluded to, 
others occur at from 125 to 150 feet above ordnance datum, which 
must have heen formed above the then sea-level, and have resulted 
from the actiou of strictly local glaciers ; one was uncovered a few 
years ago at the Birkenhead School, and another occurs near the 
cemetery. 

The clay of the Boulder-clay may bo attributed to the abrasion 
of adjacent rocks by glaciers, beneath which it issued in subglacier 
rivers highly charged with mud and sand. Such a condition occurs 
in Greenland, where the rocks are of granite or of equally in- 
destructible material t ; the (]uantity of sediment must therefore be 
immensely increased when the strata passed over are so easily 
disintegrated as the Trias and Coal-measures. The water being 

* “ Buried Valley of the Mersey by T. Mollard Beade, C.E., F.G.S. (Proc, 
Liverpool Geol. ISoe. 1H72-75, p. 42). * 

t “ Pliysica of Arctic lee,” by Dr. Robert Brown, F.B.G.S. (Quart. Joum. 
Geol. ISoo. vol. xxvi. p. 082). 

a.J.G.S. No. 164. 2 t 
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thus surdiargcMl with mud nia\ aiooimt for tl»*» entire iibaence of 
marine life; fracturt*d, rarely iKsrfwt, HhelN occur h|mn4ely mattered 
in the claj,but ne^er under aiich cireumstauM » that it oould be 
ima gine d they had lived where found. 

The pebbl^ and bouldera imbedded in the cla\, and from which 
the formation derives its name» consist of fragm< nte of hard rock 
from the size of minute grains to two or tUrcK' feet or more in 
diameter, such as may have been derived from lands encompassing 
the Bay of Liverpool and the adjoining portion of the Irish 8ea — 
from Cumberland, the 8outh-\n'»t of tVotJand, the north and east of 
Ireland, and North Wales. Their surfaco are %*er\ generally flattened, 
smoothed, and polinhed, and a laige prt>{>oriion are covered with 
stnrn, grooves, and scraUhe*', unuii>an} tu know bulged to have lieen 
emsod b\ abrasion l>eiuath ghwiein It it is eonudeil that they 
haie dropped into th»* (li\ fnmi floating ice, thur number h such 
as would indi< ate that the whi*h bai \uis sutheienth pmkod mth 
berg«» and fhxs to jueient altogttluT the foriiuitum ol wa\c^ •, and 
therefore, in th< ah^tiut ol utlur curunts, nu <%uhnct^ of strati- 
fication art' .ifltirded 

Among*»t the err iiu ** m th» Ihoildi i-< ln\ max U iiuludt'd massts 
of uiKonsulidatt <i “aiuK aid ^raxtb, <Ut« ri alluthd to b\ hnal 
gecdoiTtots as * ji >< kt ts of " ind,*^ At 1 he m it* n il*> rest mbit a< t uimi- 
Jatioii^ aJrtaJx /tfentd to is “iMnteti in tin hfttnmH oi xaihxs as a 

bed upon which th< Jf uiJdt i -d i\ rtjttwts their irt nenl shapt !■» 
compardhlo to tint of tin sts non rtpn m ntju' in i-v s containing a 
remarkable colhction ot diikgncn }ii<M ks «»! disinfcirMtcd trap**, 
unmived x^ith othti bouJhi-., t \poM d m diiriiig the (tui- 

stniction of tin Bootle Jt(Kks(fig 1) 7 lust wen .ujluddttl in a 

Fig. ] — \(tion III liiHith J)inl V, IjIh ! po I 

( iigth th »ut J'" lit t ) 



liglit green sandy matrix, and lormed acc uiniilations which were 
ver^ oonsyncuons, the colour being mmaikcd contrast to that of the 
Boulder-clay; their disintegration must liaxe born due to the same 

♦ *‘Howe\er great the agitation of the Roa men be in the open oecan, and 
though it may dash its wa^es with wild fury on the i dge of the ict within the 
ice girdle it is undisturbed (‘New Lands witliin the Arc tie Circle/ by Lieut 
Julius Payer ohap i §21) 

In Januar} 1881 the Mersey was ex>vered witli floating lec or rather snow, 
for nearly irs whole width on the waves reaching the lee they terminated in a 
swell for a short spaw, wlnlst inside tlie surface was perfectly unrnovid 
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caiJBefl as that of gome boulders of granite and trap to be alluded to 
hereafter. 

When brick->inaking was in progress behind the Mission House in 
Borough Koad, Birkenhead, several blocks (ftveor 6ix)of sand M\d clay 
were exposed ; they contained a few erratic pebbles as wdl as 
bands, an inch or so thick, of vegetable mould. In one the day ey 
and carbonaceous beds were doubled on themselves, being so bent 
at ihe« flexure as to squeeze away the clay. In this case also 
the loose sand has fallen away and spread from the mass as it 
settled down in the Boulder-day. One piece exhibited spots of 
carbonaceous matter, which are probably the rootlets of plants ; 
these are the only examples of vegetable life met with in the 
Boulder-clay^. Being in close proximity to each other, they pro- 
bably all dropped from the same iceberg stranded at this spot. The 
only locality affording evidence of vegetation, in situ^ during the 
Glacial Period is at Leighton Hall, Yealand, Lancashire ; it occurs 
as a band, ten or twelve inches thick, of Carboniferous-Limestone 
pebbles, each of w'hich is covered with an intensely black car- 
bonaceous powder ; this bed separates a low er from an upper por- 
tion of an accumulation forming a moraine mound, and indicates the 
recession, for a series of }ears, of the glacier by which the mound 
W’as formed. 

Blocks of the Boulder-clay itself, which would escape notice 
should th('y occur in the Bouldcr-day proper, in consequence of its 
identity with them, have been frequently observed in those stratified 
sands and gravtds, previously referred to, which cover the bottoms 
of preglacial valleys such as Happy Valley (fig. 2) ; similar blocks 

Fig. 2. — Section in Jlappif Valley^ Birkenhead, (Height 10 feet.) 



a. Trias. h. Sand. Gravel. d. Boulder-clay. 

e. Blocks of Boulder-clay in gravel and sand. 

* Mr. 1). Miickintosh, F.G.S., found plant-remains in the Boulder-clay near 
Crewe ; and Mr. T. Ward of Northwieh presented me with atragment of wood 
obtained at a deptli of 35 feet in undisturbed Boulder-clay. 

2t 2 
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alio ooeur in the sandy Boulder-day which iminediatelv orerlies 
these gauds and gravels. Mr. A. Btr^an, F.G.S.| of H.U* Geolo* 
gical Surrey, informs me that ho has obserrod them under similar 
conditions in other places. 

It is more particularly desired to direct attention to the o<^aiTenoo 
of other boulders which fret|Uontly bear ovidentso of glacier^acUon^ 
and hare also been exposed to other iuHuiuices liefore they wore 
floated away and dropped into the clay. Some, of granite, are 
weathered all orer, their entire surfac*' l»eing roughened and so far 
disintegrated that fragments can be broken off by the fingers 
others in the s*ime state have also had a jiortion split off. Some, 
haring their surfaces glaciaUnl, crumble into fragment h by slight 
pressure; whilst others cannot be n‘mo\iHl without separating into 
their comjionent crystalline partieb“». thoti::h uhen in xitu (*ach 
granule retains its relative and a earet'ul removal of the 

clay may oven show tluir surf,!<*»'s to Im' sino^ulu d utid poltslus}. 

A somewhat .‘similar kind of urathi'rin;; js <d‘tefi olnerved in 
various kiiid.s of volcanic rock. In s«»me it oil* in ciincentiic 

lamina': where thi*' disintegration h is not iMuernited the whole 
mass, the central muleu*^ reiiiaui" sr>bd .and un iff*‘et#‘d. Kxamples 
of a different kind uro frr(jw nt in nhi»h the mann i> disintegrated 
throughout, being easily cru'^hed or broken and tin* granules Hi‘p,a- 
rated. The strim formed jire^ious to wcathiTing in a few cases 
remain visible. 

Mr. G. If. Kinahan, of Jf.M. GeoI(»gieaI Surrey of Ireland, has 
informed me that blocks of disintegrated granite are frcijiuait in the 
glacial depositvS, especially tho^c of Wicklow and south'ea>i Wex- 
ford, being more prevalent in moraiiu»-(lrift than in the Houlder- 
clay. There arc granite boulders, imbedded in moraim' accumu- 
lations, near Shap, ^Vestmorclaiid, which have beci)me dihiiiti'grated 
in various degrees, and to an extent as great as those occurring in 
the Ilo\ilder-clay of (.’heshire, whereas at the jiresent time the Shup 
granite, both in the w'ell- known blocks and in situ, w'oaihers only 
on the exterior. 

What Mr. Kinahan states respecting the granite boulders of Co. 
Wicklow is equally applicable to some of volcanic origin in the 
glacial deposits of Co. Antrim, where th(*y occur in every stage of 
disintegration, but modified according to their struct are. Examjdes 
are met with in moraine- and esker-mounds, and in the Bouldor- 
clay, exactly corresponding with some in the Boulder- clay of 
Cheshire. 

Hocks of various kinds are coated wdth a pow’der, derived from 
their disintegration, generally of a light-gr(*en colour, having mixed 
with it minute fragments of the same. In some, the general sur- 
face of which affords proof of glacial erosion, channols or hollow^s 
have been formed subsequently, these kdng filled with similar 
disintegrated materials. In other instances the weathering has so 

* The condition of theJ*e granite blocks coincidt**^ with the account given (»f 
some in Spitzbergen and Sweden, “ split up whilst zn sifu by the action of the 
frost” (‘Arctic Voyages of Prof. Kordenskiuld,’ by Alex. Leslie, p, 1JU3). 
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oxtendod throughotit tho whole substaoce thati on remoyal, they 
break up entirely. ^ 

A large proportion of Carboniferous-Limestone pebbles bear evi- 
dence of atmospheric and chemical erosion in a variety of ways. 
Occasionally they are weathered all over, and portions of organisms 
stand in relief ; more frequently they are eroded in the same way 
over a considerable surface, whilst the remainder continues intact, 
with its ice-marks unaffected. A frequent feature is the formation 
of channels or hollows in the blocks ; this occurs without affecting 
other portions, which may still retain marks of glaciation. This 
weathering of limestone appears as if caused by chemical erosion ; 
but the results so resemble those of other rocks to which this theory 
cannot apply, that it is rendered doubtful whether it can be entirely 
accounted for by that cause. In many instances limestone pebbles 
have bi*en split into fragments which are occasionally in apposition, 
but being generally obtained from stone-heaps, they are more fre- 
quently detached. A glaciated one found in situ in the Boulder- 
clay is split into four fragments, which remain in apposition ; the 
split surfaces, as well the outer portion close to them, have sub- 
sequently been somewhat eroded since their fracture. 

It is evident that these various forms of weathering have occurred 
subsequently to glacier- action ; and an examination of what is now 
in progress fails to explain these peculiar phenomena. It is only in 
CarboniftTous- Limestone pebbles contained in morainic accumnlations 
tliut t'xamples occur similar to, and even identical with, those 
found in the lioulder-clay. 

Several ])ebbles of limestone are not only glaciated, but also 
perforated by mollusca and sponges ; as a rule, no shells arc retained 
in tlic cavities. There is generally, if not always, evidence that the 
borings bavo been made subsequently to glaciation. In some in- 
stances they ha^c afterwards also been again exposed to glacial 
friction, and fragments have likewise been broken off prior to their 
deposition in the cla}". In two instances glaciated and perforated 
blocks were found to be afterwards weathered, one over the per- 
forated surface, the other as a channel-like groove on the portions 
covered with striae. A solirary example of borings in softer lime- 
stone (it may be of Antrim chalk) contains many shells entire, and 
its surface is covered with Serpiihv, 

A very fn'quent form of weathering in stratified, slaty, and other 
rocks is produced by their splitting into pieces, the surfaces thus 
formed having undergone little, if any, change ; the fragments are 
more frequently detached and separated, but sometimes are iu exact 
apposition ; or, when split into many parts, some may be contiguous, 
whilst others belonging to the same pebble are absent. Occasionally, 
but necessarily very rarely, pebbles have the split fragments separated 
for a small space, having fallen from each other as they dropped 
into the clay. In a glaciated one of Silurian sandstone found 
at Little Eye, Hilhro (an island at the mouth of the Dee), the 
fragments wore an inch and a half from each other with their 
relative position changed. Another, at Book Ferry, had the 
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greater axis somowhat nnno\t‘cl hum tho |h {wmlKMilar wuh h 
small detacluvl jHJrlioii luot: n<Mi!\ af a nirht to its orij'iiml 

position, the thmnor anti l<n\t‘r pait n >t luaii iMituoly 
through rt>s.ting on a ^llght pii*ji(Uon it the lowrr end <d the 
fracture (tig. ID. 

Similar glueiateil pel»)>h^ “ *ipht iini “hatte**! h\ the frost ’’ into 
fragments N\hieh still renum exmth n» ippo^ Uou an% iii man) 
districts, buruHi in moraine aeuimul it ums form 1 on iiml. Tiie»e 
fractures must have omirred i*n)>Ne<|m ntl\ to \ e en\elo|nnent of 
the blocks in glaciers, otherwiM thi jo m M not have con- 
tinued bo aecuruteh in position \%hiUt nuniin; Um< itli smh a burden. 


Fig. 3 . — /Silurian juUfh’ amf mt in situ m 

Bouldar^elatfj F*rrkf. tt*ne ihiid mtiinil sirxj.l 



Some erratics are s > sculptured into terms dejHunlent on differences 
in their texture, th<it the less ea-^ily disintegrated js>rtions, and the 
harder materials filling shrink ure-joints, st ind [ironunenth in relief ; 
some are so fashioned and nnMbdleil that eN^rv bed, howev<‘r tluu, is 


Fig. 4 .— Weftthfred Khtrl' foan 
Bmddfir-rlaij. (ttne thin! 
natural si/e.i 



Fig. o - Wiitthi'fl hliprk With 

$muuth>d #»</*fVws from 
llndd.r-iUiu. t^t)ne third 
natural si/e. ) 



X . Smoothed eurfaoes. 


conspicuous. There exists a great similarity between some such spe- 
cimens from the liouldor-elay and others in moraine accumulations 
(compare figs. 4 - 7 ). This is remarkably the case with two from a 
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>.M,rai„e mound at Leighton Hall ; and another, of fantastic shape is 
hardly dislingmshaldc from an OAample near Shap, whilst oSm 
(it a similar kind liear a striking resemblance to each other. 


1^'ig. — Wen (hired (dock 

from Moraine, (One 
third natural hiiie.) 


i if?. / . ^Veatherecl hlock from 
Moraine, (One third natural 
size.) 




Several blocks, subsequently to being weathered, have had portions 
of their surface rubbed ; this generally occurs over a very limited 
space, and leaves adjoining and even more prominent parts entirely 
untouched 5)- example has yet been found in moraines; 
but it may be concluded that this attrition could not have been 
caused by j)ropul8iou along the rock-surface over which the glacier 
moved. It is more probable that, carried forward by an accumulating 
glacier, thin pebbles have rubbed against others imbedded in the 
same moraine-heap. 

rieees of tiint occur in tlic Boulder-clay, but they are rare. 
Some liave had Hakes forcibly broken off, it may be several from 
tlie same si)eeimen ; occasionally the depression is formed which is 
the countiuiKirt to the “ bulb of percussion ; and at this point the 
flint is soinetiincs crushed as if from the intensity of the pressure 
by which a flake has been splintered off. In others the more 
prominent and rounded portions of the nodules bear evidence of 
being rubbed and chipped ns by a grinding motion under pressure. 
There are none which have been rounded by the rolling motion 
caused by waves or currents. 

The rarity of flints in the Boulder-clay is not surprising if it is 
considered that they have been carried into the Bay of Liverpool by 
means of icebergs and floes which ploughed their way across 
through closely packed ice, distributing their load of boulders in the 
passage ; even in the glacial accumulations in the neighbourhood 
of Belfast, in close proximity to the Chalk formation, they are not 
found to bo very abundant. Many of the flints in the Eskers and 
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in tlie Bonlder-clay near Belfast haTo chij)# and flakes broken ofl; 
and the resulting angles crushed in a similar manner to some in the 
Boulder-elay of Cheshire and I^ncashiro. Tlie most probable 
explanaiicu of the separation of tbe chi|w and flakes is that the 
flints, whilst enTcloped in glaciers, ]ms8ed over the platforms formed 
of layers of flints so eonstantly iiitorst ratified with the Chalk or 
White Limestone of Co, Antrim. 

The peculiar instance's of weathering which rocks of different 
kinds have undergone prior to their clf})oHition in tin* Uoulder-clay 
appear to have (wapt'd notice almost entir<dy, with tlie exception of 
blocks of disintegrated granite and trap ; these are too winspicuous 
to be overlooked, llie cmisidcration of all thes<* phenomena tends 
to prove that, during tlie dacial jH^riiwI, though the cliiurte was 
always of an arctic charaet<‘r, with |M'rt‘nniiil siu»w nesting on the 
ground, there were freqinnt variati<»ns in the *M'verity (»f the 
seasons — that a h*ss amount of miow f<‘ll tluring one series of years 
than during another, >o that for a conMih rahh* tinit'gliieiers receded, 
leaving the contents of moraines ex}>«>M‘(i to viciHsifudes of the 
weather, to r(‘}K‘afe(l succe'^sions (»f fro'-t ami thaw, proliahly re- 
curring daily during several month** in the year, -tgain they in- 
creased in size and earri»‘d forward the arcumulations as an integral 
part of their volume, that tlnw eventually reaelunl the sea, and 
icebergs were formed, ’‘forewl off friun their j)arent glaciers by the 
buoyant action of the sea ’’ and floated away. They cannot be con- 
sidered to represent an interglacial pericsl such as the examination 
of certain de{)osits in Scotland and elsewliere ihSUjipoHed to indicate ; 
for these weathered erratics an‘ found in all situations in the Ikuilder- 
clay. The changes in climate which took j>la( o appear to have l)een 
not unlike those which occur in (ireenland, where it is recorded that 
the glaciers have been obsers edto succeHsively rectsh* and advance to 
the extent of several hundred yards *. In some r(‘sp<'ct.s they may be 
compared to change's of climate in our own count r}% where some 
winters are mild and others severe*, some remarkable for abundance 
of rain or snow, others for frost and fine weather. 


Discussion. 

Dr. Evans thought the observations of Dr. itieketts wore of very 
great interest, whatever interiiretation was put upon them. 

Dr, Hicks asked if it were not jiossible that some of the changes 
indicated were due to the percolation of water through the sandy 
boulder-clays. 

The Author, in reply, said the evidence was entirely in favour of 
the decomposition having taken place before the imbedding of the 
fragments. 

* "'On the Ice-ijorda of North Greenlaml,’’ by Amund Holland, of 

Chriatiaxiia (Quart. Joum. Geol. Soc. vol. xxxiii. p. 154). 
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Al>erclnron, pierite of, Til 7. 

Abt^rdeon. griiuite of, 317. 

Adelurttraia. 

Ahurin senci*, 

Aldershot, R<‘V. A. Ir\iiig on a general 
section of the Bugshot strata from, 
to Wokingham, 492, sections of 
Bagshot strata at, TitH.), 502. 

Aldiuga, Chilostoinatovis Bryozoa 
from, 279. 

Alluvinl auriferous deposits of the 
Lvdeiiburg and l)e Kaap gold- 
fields. 584. 

Allurium in Colwyn Bay, 105. 

Ambulacra, Prof. Buncfin on the 
structure of the, of some fossil 
genera and s}>ccies of regular E<*hi- 
noiden, 419 ; tyjies of, in Kchi- 
noidea. 450. 

America, North, Pteraspidian fish 
from the Vpper Silurian rocks of, 
4S. 

Amj)hihlesfrunu 288, 280. 

Amuri limestone, palieonlology of, 
274. 

series, 204. 

South BluiT, section through, 

272. 

Analyses of Aruba phosphate, 81 ; of 
augites of the Hebridean gabbros, 
397, ♦‘K)8 ; of enstatites of the He- 
bridean gabbros, 372 ; of olivine of 
the Hebridean gabbros, 374 ; of 
Caithness scyelite, 402 ; of diabase 
of the Rio-Tinto district, 250; of 
felspars from gabbros, 3(13 ; of 


Hungarian lava and lithopbyses, 
103 ; of iron-ores from the Rio- 
Tinto district. 253, 254; of ferru- 
ginous waters from the Rio-Tinto 
mines and works,* 255; of pyrites 
of the Rio-Tinto, 258, 259; of 
jasper from the Rio-Tinto district, 
249 ; of porphyries of the Rio- 
Tinto district, ^Til ; of slates of the 
Rio-Tinto district, 247. 

Anatold river, section crossing the, 

2(K). 

Alldesine from Scourie Dyke, analysis 
of, 135. 

Andesites of Moel-y-Golfa, 540. 

Anglesey, picrites of, 515. 

Anniversary Address of the President, 
Troc. 37-96. See also Bonney, 
Prof. T. G. 

Annual Report for 1884, Proc. 9. 

Aorere river, section crossing the, 2(X). 

series, 199. 

Aot6a series, 207. 

Ardtun leaf-bed, 92. 

Aruba, phosphatic deposits of, 89. 

Augite-s, changes in, in Hebridean 
rocks, 377. 

of the Hebridean gabbros, 367 ; 

analyses of, 367, 368. 

Auriferous deposits of the Lydenburg 
and Do Kaap goldfields, 572, 577 ; 
alluvial, 584. 

Australia, Dr. R, von Lendenfeld on 
the Glacial Period in, Proc. 103. 

, South, Chilostomatous Bryozoa 

from, 279. 
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Awaniii scries, 2(H. 

Awat^re sericiii, 209. 

Bagshot strata, Rev. A. TrAiiig tm a 
general sect inn of the, from Aider- 
shot to Wokingliam, 492. 

Balliiitoj' leaf-bed. St». 

Ballyinoi*e, section tlinmgh, 295. 

Ballynarry Bay, 252, 255 ; seetion 
past, 2iC>. 

Bally palady leaf -bed, H5. 

Barnesbeg (hip, section in, 225. 

Ban/.wii/ia KUiUoui, 179. 

Basaltic ibrnuition of I’lftter, Lower 
Eocene plnnt-betle of th(\ .'^2 

, Tertiary, in J(*«4and, 05. 

Batht/cctnia Sfafferi, 17(>. 

Baton-rirer serie.^;, 199. 

Bleaches, raised, in New Zealand, 

212 . 

Bea\er Lake, litliojihyscs in ob-sidian 
from. It >4, It >5. 

Behring’s T-land, Dr. 11. Woodward 
on a skeleton < 4' It/f/'fii.a Ironi 

the Pieisl(X*ene peat-deposits on. 

457. 

Bella Vista, slate with kernels of 
CO hil life rolls oxide of manganese 
near. 251. 

Beliei.sle Brook, st‘ction in .small tri- 
butary of, 545. 

Bigsby (»old ^lednl, award of the. to 
Prof. Renard, 35. 

Biotite in llebride.m gabbros, 574 . 
of the Caithness se^ elite, anuh-.js 
of, 405 ; oft lien I'rquhnrt serpen- 
tine, analysi’^ of, 4t>7. 

Birkenhead, sectii^n m Ha])pv Valiev, 
595. 

Blackdown beds, Rev, W. Downes on 
the, 25. 

fossils, supplement arv list of, 

2t*.. 

Black Ven, near TaoiU' llegi.s, cre- 
taceous beds at, 25. 

BlflK'ks. weatliered, from b<mlder-cliiy 
and moraine, 5tM», 597. 

Bobj Creek, sei'timi acros.-*, 2t»9. 

Boniipy, Prof. T. G. (Pn^&idenl), 
Address on handing the \V(»llaston 
Gold Medal t(» Dr. W. T. Blaiiford 
for transmission to Mr. George 
Busk, Pror. 30; Ar.drcss on pre- 
senting the balance of the Wol- 
laston ])onation P'und to Dy. O. 
Callaway, 31 ; Address on banding 
the Murchison Midal to Dr. II. 
Woodward for transmission to Dr. 
F. Bbmer, 31 ; Address on pre- 
senting the balance of the Murchi- 
son Geological Fund to Mr. H. B. 


Woodward, 32 ; Addre.s8 on pre- 
senting tlio Lyell Modal to Prof. 
H. G. Seeley, 33 ; Address on hand- 
ing the balance of the Lyell Geo- 
h»gieal Fund to Mr, Teall for 
transini>sion to Mr. A. .T, Jukes- 
Browme. 34 ; Address on presenting 
the Bigsby Gold Medal to Prof. 
Renard, 35. Anniversary Address, 
February 20, ISSo, Ohiixuiry Ab- 
iU‘€» of Derrasod Frlhws: — l\lr. R. 
A. C. Godw in- Austen, 37; Dr. 
Tboma.s Wright, 39; Mr, Hearles 
V. Wood, 40; Dr. J. (iw^u Jef- 
freys, 41 ; lyir. Alfred Tylor, 42; 
Prof. J. Buckman, 43 : ISlr. R. A, 
Peacock, 44 ; Prof. (^>uintino Sella, 
44, Dr. II. R. (lopjiert, 44: l*rof. 
R \oii llochstettcr, 45 : Mr. Alex- 
ander ^Murray, 45 ; ISIr. J. F. ('amp- 
bell, 45. Address on gi'ological 
progress in Britain during the year 
especially witli regard to the 
Wc^tiM’n Iligldands, with a dis- 
cuv^ion of the princij)h‘.s of j)etro- 
logieal nomenclature, 46, C)n the 
so-ealierl dionte of Little Knott 
(('amlMM'land ), w ith further remarks 
on tlu‘ occurrence of pierites in 
Wahs,511. 

Bootle Jiocks, Liverpool, sections in, 
592. 

Boring, d*H‘p, at Richmond, Surre\, 
525; at Chatham, 525. 

B«»thr«>dendron. relatit>n.»,lnp of 4’lo- 
dendroii to, l*ro<\ 98. 

Bouldcr-cla\ of CliCfthin’ A.C., Dr. ('. 
Ki<*ketl.s on sonn* erratics in the, 
591. 

Boulder-elays of Lincolimhiro. Mr. A. 
tl. Jiike.‘t-Hr(»wue on the, 1 14. 

and sands, Imw- level, inCuIw'vn 

Ba\, lOI, 195. 

Bouleillensteiti. or pseudo-ehrysolite 
of Moldauthein, Br>hemia, 152. 

Braeknell, section of Bagshot beds ot, 
:>U5. 

Breccias, J\‘rmiai), of Leicestershire 
and Soiitli Derhy.shirc, fojisiliferous 
nodules and fnigmonts of hiciuatite 
from t lie, Pm*. 109. 

Brehlden Ildls, Mr. W. VV. Watts on 
the igneous and usMociat(*d rocks of 
the, 552. 

Britain and North America, ebrro- 
lation of Silurians of, 57. 

Brown bouldcr-clays, range of, in Lin- 
colnshire, U7. 

Bryozoa, Chilostomatous, from Al- 
dinga and the River-Murray clilfs, 
South Australia, 270. 
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Bunbeg, 227, 237. 

Buncrana Bay, 232 ; section through, 
235. 

Busk, Mr. George, Award of the 
' W ollaston Gold Medal to, Proc. 30. 

Caemawr, picrite of, 515. 
Caernarvonshire, picrifes of, 515. 
Caithness, scycHte of, 4t)l . 

Callaway, Dr. C., a\nard of the ‘Wol- 
laston Donation Fund to, Proc. 31 ; 
on the granitic and schistose rocks 
of Northeni Donegal, 221. 
Camberley and York Town, sections at, 
499, 

Cambrian rocks of the Brciddcn Hills, 
533. 

Cant erbnn , New Zealand, “Curiosiiy- 
Sho}) bed ” in, .547. 

Carniolu, fossil flora of S.agor in. 53."). 
Cashel Hill, 231 ; section through, 
235. 

Candmw otoiaUu 349. 

ImuniiniHn, 348. 

Cellaria nngustiloha, 283. 

inalvinensis, 28.5. 

Cellepora albirostri^, 304. 

avicularis, 303. 

Jiiradiiifa, 30(i. 

coronopus. 302. 

cost at a, 30,3. 

divha, 303 . 

fossa, 307. 

, Tar. marsiipiaia, 307. 

maniillata, 304. 

pertusa, 305. 

, vnr. ligulata, 30.5, 

trident iculata, 3(H>. 

Chalk Wolds, diagram showing the 
erosion of the, 120, 

Chalky boulder-clay, range of the, in 
Lincolnslnre. 111). 

Chfilhain, deep well-boring at, 520. 
ChilostomntousBryozoa, from Aldinga 
and the River-M array cliffs, 8outh 
Australia, 270. 

Cirencester, section in qunrrs' near, 
172. 

Claypole, Prof. E. W., on the recent 
diseoverv' of Pt ernspidian fish in 
the Upper tSiluriun rocks of North 
America, 48. 

Clifton fault, Prof. 0. L. Morg.an on 
the extension of the, 140. 
Climate, conditions of, denoted by 
some erratics in the Boulder-clay 
of Chc.Mhiro &e., 501. 

Coalfields, Mr. D. C. Davies on the 
North Wales and Shrewsbury, Proc. 
107. 

Cole, Mr. G. A. J., on hollow ipheru- 


lites and their occurrence in an- 
cient British lavas, 102. 

Collins, Mr. J. H., on the geology of 
the Rio-Tinto mines, with some 
general remarks on the pyritic 
region of the Sierra Morena, 245. 
Colwyn Bay, Mr. T. M. Reade on the 
drift-deposits of, 102; sections in, 
102, 103. 

Combe Down, section in quarjy on 
south side of, 173. 

Cemwseris irrcidians, 180. 

VPTmicvJarh, 180, 187. 

Conglomerate series, near Haverford- 
west, 484, 480. 

Convexastraja, 182. 

Conway river, section on south bank 
of, 271. 

Coral, phosphatized, of the island of 
Arab.*), 80. 

Cornwall, Pliocene deposit at St. Erth, 
05. 

Creeslough, section through, 235, 
230. 

Creswtdl Crags, FJrphas frimigeniiLs 
from one of the bone-caves of, 30, 
31. 

Cretaceo-tertiary system in New Zea- 
land, 270. 

Cretaceous beds at Black Yen, near 
L} me Regis. 23. 

formation of England. Mr. R. 

F. Tomes on some Madreporaria 
from the. Proc. iii. 

Cribrilina flgularis, 203. 

radinta, 202. 

terminata, 203. 

Croagl), section west of, 225; section 
tlirough, 2.3.5. 23(h 

Cumberland, Prof. Bonney on the so- 
called diorite of Little Knott, 511. 
Cu])ularia canarionsis, 308. 

“Curiosity Sliopbed” in Canterbury, 
New Zealand, 547; fossils from 
the, .549. 

Cyathaspis, 50. 

Cynfael, Ffestiniog, Mr. T. M. Reade 
on boulders wedged in the falls 
of the, iVoc. 7. 

Cypht\soma Konigii, 447. 

Cyprhh a Diothri, 339, 

— granulosa. ,*>40. 

‘ , var. fasciciilafa, 340. 

, var. paucigranulata, 340. 

punctata, ,‘137. 

, var. ^wsficalis. 338. 

, var. gibhosa, 338. 

tuherculata, 341. 

valdensis, 336. 

ventrosa, 340, 

Cyprina angulata, Proc. 2. 
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€!sfprion€ AHmi, iW4. 

Cj^nis pwbetlfnsis, 347. 

Qf/Awv retirtfi^ta, 850. 

(ransit^ta, Jm). 

Dftiton, Mr. W. II,, on of 

Vcltifti iMmfnrrH and (^jtrmtan^- 
fafa, J^tc, 2. 

Damuftuh iV4*». 

Pa^ ies<, Mr. D. C., on th<* North- Walca 
and Shrewsbury eoiil-tlelds, i*o*r. 
107. 

Pavkina, AV. Boyd, not«» ttii 

the inainnmlian fauna of (he Va) 
d’Arno, H. 

, on n skull of Orihfs 

from the sca-N»ttOMi. 1M-. 

Pe Kaap and LAdejihurij. Mr AV. 11 
IVinnn^ on the |Ln>l<itte{<h uf. 

Perhy^h^re, South, no- 

dule.* and fra/rrMenf*< of linn.ntite 
from the IVrnjnin hrt*«viii> of. /V.h*. 
106. 

Piahnse of the Kto-'j'into di-tnet. 

T>mha»en of the Jtreiddcn JIilH, Mi. 

Dicrannprsptut* sliales near llaver- 
fonlwest, .47*^. 4^7, 

Pidjniograptus slude^ near IIuvit- 
fordwe**!. 477, 4 n>, 

Piluvinl epoeh in New Zt aland, 2l.‘k 

hunnrphas^frtpa fuh(j\Jorht»s, IS.A. 

Pinonn*^, distribution of tlic spmos 
of, 214. 

Dinorwig railway, scdion along part 
of, 77). 

Dioritc, Prof. Bonney on the so-eaUe<l, 
of Little Knott, Til 1. 

Piorite-d)ke*' of the Lydenburg and 
I)e Kaap Cioldfields, 7>S^. 

Piorite-d\ke, seetion of, at Lislxm- 
Bc*rlyn, South African, .oS3. 

Diplopodw AMMoxri, 447. 

vcrmprn'a. 444. 

Piporiila, 20ti. 

Polerite, Afr. J. J. 11. T<‘all on the 
motauiorphosifi of, into hornblende- 
schist, Vii. 

* from Scourie Pyke, analysis 

of, V^\ 

Poleritea of the Hebrides, 37)8 ; atruc- 
of, 300. 

Donations to the Library' and Museum, 
l*roc. 1 13. 

Donegal, Northern, Pr. C. Callaway 
on the granitic and schistose rocks 
of, 221. 

Poocashel, section ihrougb, 23.'). 

Downes, llev. AV., on the Cretaceous 
beds at Black A7en, near Lymo 
Kegi8,witb some supplementary re- 
marks on the Blackaown bods, 23, 


Prift-depotfU of Colwyn Btjr, 101 
Prumiihoo tpurry, 281 ; ieeUtm 
thnnigh, 

PunaH' ilead, 284 ; mnite of, 22H ; 
seetion from IxtiKionderry to, 281 [ 
237». 

Duncan. Prof. P, Martin, on the 
structure of the aiiibtdncra of some 
fossd getiera and of rt*gtilar 

I*>hitio»dca, tltk 

Dunfaruktfh), s<vtion from, to Kilma- 
enmnu, 2 .*’m, 2-*'J4V. 

pitiiitt*^ atul yaU>rn, tnter«ec«ting veins 

uf, in uhviiie r«K’k. 

I)unh*))\ I'liimdi, 237, stvtiun norlli 

of. 22*1. 

Punree Hend, 233. 2.31 , section 
tlmmgh. 2^2). 

IVInnonh^, l*r.»f P. AInrtin Itiincari 
tui the •tt nu t lire td ihr* amhiihicra 
ot s«mie fo***i! tfrm'ni and s|svtt*»» ot 
rt%oihir 4l!t. 

KUphtf' pnmitj* tHtfi from the ('reswell- 
crat; horie-f.i»e*<, tUt, 31. 

FnftU>>h* hit 177). 

Kntrlrtiid, Mr. J{ K. 'i'omes on some 
Madreporaiin from the tVeta(N‘ous 
format joii of, i'rut in. 

and North .Vmenca. correlation 

of tiHh-lH*arini!: htr.nta in, .Alt. 

Endutites of the Jlehndean gahhros, 
37t>; nnah«*eH of. 372 . changes in, 
in Ilehriilean roeks. .377 ; in ^uvheo- 
zoie jM‘ndolites, ,’Ut7. 

Eo(t*ne plant -lx‘ds of the l)a«altic for- 
mation of ristiT, H2. 

Erratics in tlie Boulder-elay of Che- 
shire Ae., Pr. C. Kicketts on some, 
51M. 

Eruptive rocks iu New Zealand, llXl, 

217». 

Ettingshausen, Baron C. von, on the 
fossil ilom of Hagor in Oarniola, 
fid.'). 

Eusiiiilinn\ table of genera of, 178. 

Fahan station, 232; section through, 
2.37). 

Famborough, wtH - sect ion at, 4117); 
railway section at, r>(Kk 

Faiigher, l^j)per, section through, 
2.37i. 

Fault bringing shell-btHis over lig- 
nites, near llimavik, IMi. 

Felsites, Silurian, from Llanberis 
Pass, liollow Hphoruliies in, 137. 

Felfuiar. structure of, in andesites of 
Moel-y-Golfa, 7)40. 

Felspars of Hebridean gabbros, analy- 



•WniLlt OTMX. 


aes; dwwHiB. iaflWitUbMi 

TfMtinioK. Mr- 7. V< Bmm on bool* 
d«» ^pd to tU fiOl. of tto 
Cynfcol, Pm. 1- , . 

FwhWn* "S * 

Etifflattcl imhJ NaHli AtiMiii<^ w 
Fiiih. trooe# of. itt tlio Ummilaipi nd 

»hiilf. fi8. . ^ ^ I 

Flort, fowil, of « CWmiob, 

Foliatiun in tho gmnito of Dotwfjd, 


flnwffiin^ iiilloii 

€mL Ifr. W. S., OtR Maim M 

fiililiiTnii iiaAalii aMd fn^paaatla 

of l u w iwtifi ( w nti om ■ .■g w i Olt i ) 
(Mm it» (mhwM) IbtMim too*- 
dM of tuimwtin'ihiM mA twtth 
Dari^diim, Fm. lo^ 

Om nwrl of Smr SSmm. fMmm* 

luluM of dw, 37&. 

OmifOia Qmnf, naar MIHtoa, Mmi 
III. I7L 


‘J2H. 

Fomininift^ni of tt»<* <'au*bri<l( 5 a 
miml. Mr. Viimon tlH\ loi. 

Vort'Ht, of 1*. 

Frimlo^. MyU'hHt rU«*. ir«4l-#r«ction 
at, 45 mI 

FuljiunU* from Munt lUam’. lo*i. 

Gnbhro aiul duuUf, nifrrms'iiuj: veiiw 
of. in oliruif' nK*k. IkV.i. 

(iahV»r»w of tlu* llehruW, ir»7. 

Onnlnor, Mr .1. S, on the 


IIjrmMiif*. foaalifaroiif it odl al wi twi 
<ff, /'rtr. 10^ 
lima, pimt# oVill. 

HaUlon fiwk •appktMmlarjr U# 

*35. 

fhip^rt Wt, 

IhUthtri^nn 4^1^ W*, W. 

ILipH^ . Ibrk^iiiMmd. mrihii in. 

:m 

plan of the (smntrv noar, 

llt». 


KtH‘4*nn plant-U*fls nf the ba-iallic 
forinution of I UttT, -''2. 

, t>n llu* Tertian hfiKiUir forma- 
tion in Itvland, tKt. 

Oault of lthu*k \ eu, foswila of t)ie, 24, 

2r». 

C»ippi»lttnd, pierite from, .V20. 

Glacial jienod m AiiRtraha, T)r. R. 
Ton Lcndcnt'cld on tlic, Vroc, 103. 

Bi'rics in Lincolnslorc and York 

ahirc conijmrod, l.’il, 

Olcnann leaf-lxHl, K). 

Gloucestershire, Miulrcporaria from 
the Great Oolite of, 170. 

Gneishic structure in Donegal granites, 
2;k). 


liaverfordwest Messrs. Marr and 
Kohf‘rts on the I,/)w'er Fahrozoie 
riH'ks of the neigh bouriiood of, 470. 
llamx’k IfiJla, bection through the. 
3).T 

Jlayle, sedion across the Talley of 
the. t>7. 

Hebridean gneiss, fold in, near Scou- 
rio d>ke, 142. 

Hebrides, Tertiary peridot ites of, 356; 

gabbros of. 3r>7 ; dolerites of, 358. 
Ilegarty’s rock, 233. 

Ht hocLvnia oolitica, 181. 

Hi/niciduns crc7iu laris, 437. 

gratinloi^a, 442. 

infermidm. 4.37. 


Gold and nuggets in the L^denburg 
and He Kaa]) goldlielda, 587. 

Goniocora, 181. 

Ooodnngtoii Bay, map of, 11. 

lx*ach, section of, 17. 

Granitic rocks of Jiortlvern Donegal, 
221 ; supposed inetainorphic origin 
of, 228. 

of the Kaap Valley and 

Lydenburg, 570. 

Gravels, rearranged, in (’olwvn Hay, 
105. 

Great Crosby, Lancasliire, Mr. T. M. 
Read© on the evidence of the action 
of land-ice at, 4.’>4. 

Groat Oolite, Madreporaria from the, 
of the count ies of Oxford, Glouces- 
ter, and Somerst't, 170. 

Trigfiiiia', 44. 

Grt*cn, Prof. A. II., on a section near 
Hanberis, 74. 


Htmijudina Bowerhankii, 423. 

Jurdinii, 423. 

marchaitioms, 424. 

ticlicrculosa, 425. 

HessleClay, 118. 

and Purple Clay.s, dirisional 

line between the, in Lincolnshire 
126. 

Ilof, Iceland, 09. 

Hofsgil, Iceland, cliff and rarine 
about 7 miles from, 100. 

II oka mi i system, 202 ; eruptive rocks 
of the, 215. 

Hoinersham, Mr. C., and Prof. J. W. 
Judd on the deep boring at Riob- 
mond, Surrey, 523. 

Horn Head, 236. 

Hornbleiide-picrite of Little Knott, 
CUimberland, 511. 

nornblonde-scliist, Mr. J. J.H. Teall on 
the metiimorphoeis of dolerite into, 
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133; from Scourie dyke, analysis 
of, 137. 

Hot springs in Xew Zealand, 211). 

Howick, Auckland, section from, to 
the Wairda river, 210. 

Hredeviitn, Iceland, 101. 

Hughe^, Mr. G., on some West-Indian 
phosphates, 80. 

Hulke, Mr, J. W., on the sternal ap- 
paratus in lifmmdon, 473. 

Hungarian lava and lithophvses, 103, 
103. 

Husavik, marine and fre.^hwater bed.s 
of, 03 ; clilf*section on coast 9 miles 
N.K. of, 1C> ; fault near, 93 ; section 
showing the position of llu* marine 
series of, 97. 

Hutton, Oapt. F. W., on tlie correla- 
tion of tlie “ Ouriosity-8hop heel ” in 
Canterbiirv, New Zealand, .'»47. 

, on the geology of New Zeuhind. 

191. 

, on the geological position r»f the 

“ ^Vcka-pa^s Moue” of New Zea- 
land, 200. 

Hyopsodii*, 329. 

Iceland, Tertiary basaltic formation 
in, 93; hollow .‘.plicrulitcs in ob- 
sidian from, lOti. 

Igneous and a'ij^ociated rocks of the 
Breulden nill.s, 332. 

matter. Dr. II. J. dohnston- 

Lavi«on the inject ion, evt rusion, and 
cooling of, Prof. 103, 

Ignanndon., Mr. J. W. Hulke on the 
sternal ajiparalus in, 473. 

Inehcolm. picnle of, 320. 

Inferior Oolite Trigom.r, 37. 

lr«»n, metallic, in Hehndenn gabbros, 
374. 

Iron-ores , of the Rio-Tint<» district, 
233, 2.33. 

Iron sandstone, traces of (Ish in the, 
.38. 

Irving, Rev. A., on a general he<'tion 
of the Baghhot strata from Aider- 
shot to Wokinghiiin, 492, 

Jasper of the Rio-Tinto district, 
249. 

Jeffreys, J)r. J. Owvn. list of fossil 
shells from Ttvland, My. 

Johnston-Lavis, Dr. H. J., on the 
physical conditions involved in the 
injection, extrusion, and cooling of 
igneous matter, Proc, 103. 

Jones, Prof. T. Rupert, on the Ostra- 
coda of the Purbeck formation, 
with notes on the Wealden speeios, 
311. 


Judd, Prof. J. W., on the Tertiary 
and older peridotites of ScrAland, 
354. 

, and Mr. C. Jlomersham, on 

the deep boring at Richmond, Surrey, 
323. 

Jukes- npowuie, Mr. A. J., award of 
the Lyell Geological Fund to, Proc. 
34* 

, on the Boulder-clays of Lincoln- 
shire ; their geographical range, and 
relative ago, U4. 

Kaap Valley, geology of the, 570 ; 
granitic rocks t»f the, 370 ; Silurian 
rocks of the, 370; Devonian rocks 
of the, 370. 

Kailuku scries. ‘293, 

Kaikoura formation. 201. 

peninsula, .section of east head 

of. 273; plan and section of south 
beach of, 273. 

Kakanui scries, 199. 

Kanieri sm*ics, 209. 

Kercru scries, 211. 

Kidstou, Mr. K., on the relationship 
of Uhdi'miron, Hindi, and Hutt., to 
Lrptdof/r/hfro}), Sternb., Hftkrodi>n- 
dnm, liindl. and Hutt., Stgillaria^ 
Brongii.. and UhytnliHl**ndnm, Bou- 
lay, Prtn\ 98. 

Kilinucrtman.section from Dimfanaghy 
to, 233. 230. 

st*ni».s of schist OHO rocks, 230. 

Laiicasliire, Mr. T. M. R(*Hdp on the 
e\idence of the action of land-ice 
at <ireat (Voshy, 434. 

Land-ire. evidence of the action of, at 
Great C'ror.hv, Diucashirc, 434. 

Land's Kiid. Ooniwall, IMiocene de- 
jiosit at .St. Brth, iictr the, 03. 

Ija^as, ancient British, Mr. G. A. J. 
Gole on the occurrence of liollow 
sphcrulitef. m, ltl*2. 

Leaf-beds, Ball^pnhIdy, 83 ; Glenarm, 
83, Balliiitoy, 8(i ; Ardtiin, 92. 

TsMcesUT.shire, fo.ssiliterous nodules 
and fragments of Immiatite from 
the Permian breccias of, I*roc. 
109. 

Jjekyfhopnra hyatrix, JiOH. 

Lendonfold, I)r. R. von. on the gla- 
cial period in Australia, Pretr. 103. 

Lepidodendrou, relationship of LTo- 
dendron tfi, Proc. 98. 

Le^imOUi c^nfinpa. ‘299. 

depressa, 298. 

odax, 297. 

eseharella, 298. 

Hubimmorsa, 299. 
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Liasdc Trigonise, 35. 

Lidienopora paucipora, 1 13. 

Lincolnshire, Mr. A. J. Jukes-Browne 
on the Boulder-clays of, 114. 

, sket^h-ina p of, sho wi ng the range 

of the Boulder-clays, 1 15. 

and Yorkshire, glacial series in, 

131, 

Lingula flags near Haverfordwest, 
476, 486. 

List of fossil shells from Iceland, 
116. 

Lithophyses, l<i3, 164, 165. 

Little Knott. IVof, ilonney on the 
HO-called diorite of. 51 1. 

Liverpool, section in the Bootle Bocks, 
5l)li. 

Llanbcri.s Prof. A. 11. (Ireeii on a 
section near. 74. 

Pass, hollow splierulites in 

felsites from, 167. 

Llundeilo limestone near liaverford- 
wesi, 477, 486. 

Llandovery beds, Ijower, near Haver- 
fordwest, 485. 4811. 

Ll>n Padarn,.si‘clion along part of the 
Dinorwig railway, on the nortli- 
ca.st side tif, 75. 

Lodcs, pyrites, of the Kio-Tinto dis- 
trict, ‘J55 ; manganese, of the Kio- 
Tintt» district, 251). 

Londonderrv, section from, to llunaff 
Head, 2.3 i, 235. 

Loiigh-Fovle series of sehistosc rocks, 
23t). 

Lough Oreenan. section on, 223, 224 ; 
section through. 2.35. 

Longh-Ncngh formation, 87. 

liougli Salt, se<'tion through, 23.>. 

Low Barf, section throngii, 125, 

Ludlow rucks in the Breiddcn Hills, 
.5.38, 

Lydekker, Air. R., on the zoological 
iK)sition i»f the genus J//cro(//uTw<, 
Wood, and il.s apparent identity 
with JIyo]hs<Hii(s^ Leidy, 521). 

Lydenburg and I)e Knap, Air, W 11. 
Penning on the goldtields of, .561), 

Lyell Geological Fund, award of the, 
to Mr. A. J. J ukes-Browmc, iVoc., 
34- 

— - Aledal. award of the, to Prof. 
H. G. Seeley, Proc,, 33. 

Lyme Regis, Cretaceous beds at Black 
Veil near, 2.3. 

Madrepornria, Mr. B. P'. Tomes on 
some, from the Cretaceous forma- 
tion of England, Proc, 1 1 1. 

, Mr. Tomes on some, from 

the Great Oolite of the coun- 


ties of Oxford, Gloucester, and 
Somerset, 170. 

Maerewhenua limestone, list of fossils 
from the, 558. 

Magnetite, Proa. 109. 

Maitai system, 200 ; eruptive rocks 
in, 215. 

Major, Dr. 0. J. tVsyth, on the 
mammalian fauna of the Val 
d'Arno, 1. 

Alai in and Alalin Head, 234. 

Head, granites of, 228. 

Alammalian fauna of the Val d’Arno, 
Dr. C. J. Forsyth Alajor on the, 1. 
Alanapoiiri system, 198 ; eruptive 
rocks in, 215. 

Mtmafus senryahnn'ts, 468. 

Alanganese lodes of the Rio-Tinto 
district, 259. 

Alap of Lincolnshire, showing range 
of boulder-clays, 115; of Paignton 
and Goodrington Bays, 11; showing 
the western extension of the Clilton 
fault, 147 ; of the South Island of 
New Zealand, 195 ; of the Valley 
of the Waitaki and neighbouring 
region, .561. 

Marr, Air. »T. E., and Air. T. Roberts, 
on tlie Lower Palicozoic rocks of 
the neighbourhood of Haverford- 
west, 476. 

Alastigopliora Dutertrei, 301. 

Alatakca series, 204. 

Al at a lira series, 204. 

Alay-llill beds in the Breidden Hills, 

Mi mhranipora aperta^ 286. 

circularis, 286. 

Flemingii, 288. 

Michaudiana, 289. 

imrvirclla, 2S8. 

radicifera, 287. 

rhfinchnta, 287. 

Savartii, 286. 

femnnraria, 288. 

triftiliuni, var. propinqiia, 289. 

Me.sa de los Pinos, section in railway- 
cutting on the west side of the, 
2,53 ; analvsis of iron-ore from the, 
2.53. 

Net ary pr is Frrftcsii^ 345. 

, var. verntcosa, 345. 

Metals and minerals in the Lydenbui^ 
and De Kaap goldfields, 588. 
Metcalfe, Mr. A. T., on the discovery 
in one of the bone-caves of Creswell 
Crags of a portion of the upper jaw 
of Ekphas pTmiyenivs, containing 
in sifn the first and second milk- 
molars, 31. 

MkrochceruSf Mr. R. Lydekker on the 
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zoological position of the genus, 
529. 

MicrochomjLS erin<iccu8^ 529, 

Micropora pcUula, 290. 

perforata, 2^. 

MicroporeUa elevata, 296. 

grisea, 2114. 

imgna^ 295. 

magnirostris, 296. 

pocilliformis^ 295. 

Microsolena excelsa, 188. 

Middletown Ilill, section across, 535 ; 

section from, to Purton Wood, .537. 
Milton, section in Groyes’s quarry near, 
171. 

Minerals composing the peridotites 
and allied rocks in the Western 
Islands, 362. 

of Kew Zealand, 219. 

, constituent, of picrites, 526. 

and nietals of the Lydenburg and 

De Kaap goldfields, 

Moel-y-Golfa, igneous rooks of, ,530. 
Moldauthein, in Bohemia, Bouteilleii- 
steiii of, 152. 

Monoporella sexangularis, 291. 

Mont Blanc, fulgurite from, 152. 
Montgomeryshire, the igneous 

and as.sociated rocks of the Broidden 
Hills in, 532. 

Montlivaltia, 182. 

Moorhey brick and tile works, section 
at, 455. 

Morgan, Prof. C. L., on the S.W. ex- 
tension of the Clitt(»n fault, 146. 
Molunau Creek, section across the 
south branch of the, 270. 

Mount Arthur scries, 199. 

Bruw'n, section through, 2(K1. 

Hamilton, section through, 

21 ) 3 . 

Torlesse formation, 201, 203. 

Mucronella mucronata, 293. 

nitida, 293. 

coccinca, var. marnillata, 294, 

Mull, Ardtun leaf-licd, 92. 

Murchison Geological Fund, award of 
the, to Mr. H. B. Woodward, ]*roc. 
32. 

Medal, award of the, to Dr. V. 

Romer, Proc. 31. 

Keoplagimlax, comparisrnof teeth of, 
with those of Tnighd/m^ 28. 

eociBnw^ molar teeth of, 28. 

Hew Zealand, Capt. F. W. Hutton on 
the geology of, 191. 

, on the geological position 

of the Weka-paw stone” of, 266. 
, correlations of the “Cu- 
riosity-Shop bed,” 547. 


New Zealand, raised beaches in, 212; 
section from the west coast of, to 
Tasman’s Bay, 200 ; table of sedi- 
mentary formations in, 194. 

Niagara group, fossils of, compared 
with those of the Wenlock lime- 
stone, 57. 

North America and England, correla- 
tion of fish-bearing strata in, 59. 

and Britain, correlation of 

Silurians of, 57. 

North Island of New Zealand, 196. 

North Wales coal-field, Mr. D. 0. 
Dayies on the, Proc. 107. 

Oainaru, list of Ofcofcara fossils from, 
.556. 

Bystein, 206; eruptive rocks of 

the, 215. 

Obsidian with hollow spherulites from 
Beaver ijake, 164, 165 ; from Ice- 
land, 16»». 

Olivine in pnlaiozoic peridotites, 307. 

Olivine-rock, intersecting veins of 
gjibbro and dunite in. 3.50. 

Olivines of the Hebridean gabhros, 
,373 ; analysis of, 374. 

OtH'htUi cl inf (mi, 61. 

pcnnst/lcanicus, 61. 

Onondaga Rod Shale, traces of fish 
in the. 58. 

Oolitic Trigonia', 37. 

Ophitie structure of dolerites, 360. 

Oreti river, section from the, to the 
Takitimii mountains, 203. 

Ormond w*ries, 21 1. 

Oro8<*ri.s Slatteri, 187. 

Ost raeoda of t he Purheck and Wealden, 
311. 

Ovihos moschatvs, 242. 

Owen, Sir Richanl, on remains of 
FJfphuH prunigntim from one of 
the Creswell Ixme-t'avcs, 31. 

- — , on the resemblance of tlie upjK*r 
molar t<»eth of an Eocene mammal 
(Ncoplagiduhxj licmoiiie) to tliose 
of 'I'nfglodon, 28. 

Oxford clay, occurrence of, in do('p 
well-boring at (Chatham, .52tk 

Oxfimlshirc, Madreporaria from the 
Great Oolite of, 170. 

, North, Mr. E. A. Walford on 

the Trigonup of the Low'er and 
Middle Jurassic beds of, 35. 

Paignhm Bay, map of, 11. 

PaliBosph, 54, 56. 62. 

amcricana, 62. 

hitrnneata, 02. 

Paln*ozoio rocks, Lower, of the neigh- 
bourhood of Haverfordwest, 476. 
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Pare(5ra system, 209; eruptive rocks 
of the, 210 . 

Parton Wood, section from Middle- 
town Hill to, 537, 

Peat-deposits, Pleistocene, on Beh- 
ring’s Island, Dr. H. Woodward on 
a skeleton of lihytina gigas from 
the, 457. 

Peat-mosses in New Zealand, 218. 

Pebbles, split, from Boulder-clav, 
590. 

Pcdina Smifhii, 488. 

Penarfyuydd, picrite of, 517. 

Pengorphwysfa, picrito of, 510. 

Penmneumawr, till at, 105. 

Penning, IMr. W. H , on the goldfields 
of Lydenbiirg and Be Xaap, in the 
Transvjial, South Africa, 509. 

Peridotites, Prof. .1. W. Judd on the 

, Tertiary, 35() ; Paheo/oic, 395. 

, Palffiozoie, alteration of minerals 

in, 890 ; varieties of the, 398. 

Penman breccias of Ijcicestcrshiro 
and South Derbyshire, fossiliferous 
nodule'^ and fragments of luematito 
from the, Proc. 109 . 

PtHane senes, 211. 

Phosphates, Mr. U. Hughes on some 
West -Indian, 80. 

PhyUopora titmida. KH). 

Pierite-boulder near St. Davids, 518. 

Picrites, altered palmozoic, of Scotland, 
400. 

, oecurreneo of, in W’'nles, 511; 

of Anglesey and Caernarvonshire, 
51.5 ; jiaragenesis of minerals of, 
520. 

Pidgeon, Mr. D., on some recent dis- 
eo\ erics in the submerged forest of 
Torbay, 9. 

Plan of country near llatcliffe, 119. 

Plant -beds, Lowt*r Eocene, of the 
basaltic formation of Ulster, 82. 

Platastrma Conybeari, Ihl. 

Pleistocene pcnt-depo-it-^, skeleton of 
Rhyf ina gtgab from t lie, on Behring’s 
Island, 457. 

series in New Zealand, 212. 

Plesiodmdona Mudiehui, 4t*10. 

Pliocene deposit a( St. Erth, near the 
Land’s End, Cornwall, 05. 

Plutonic rocks, deep-seated, changes 
of the minerals in, 383. 

Polyzoa of tlio Cambridge Greensand, 
Mr. Vine on the, Proc. loi. 

Porlldo-rosso antieo, breociated, 157. 

Porphyries of the Bio-Tinto district, 
250. 

Porphyritic masses in the Bio-Tinto 
district, section, 252. 

Q.J.G.S. No, 104. 


Porphyritic schists of the Eio-Tinto 
district, 251. 

Porphyro-granulitic structure of do- 
lerites, 331. 

Preston Sands, plan of outcrops 
observed on, 12. 

Prorastomus, 465. 

Pseudo-chrysolite, or Bouteillenstein, 
of Moldauthein in Bohemia, 162. 

Psewhdiadema depressiim^ 429. 

hemifgjhcBricum, 428, 429. 

Pteraspidian fish from the Upper 
Silurian rocks of North America, 
48. 

Pteraspi.% 50. 

Purbeck formation, Prof. T. Eupert 
Jones on the Ostracoda of the, 
311. 

Purple and Hessle clays, divisional 
Vvn© \A\e, \rv \AT\cw\tse\\vre, 

12(S. 

Putatiika series, 202. 

Putiki series, 211. 

Pyritic region of the Sierra Morona, 
Mr. J. II. Collins on the, 245. 

Pyrites deposits of the Eio-Tinto dis- 
trict, 245. 

of the Eio-Tinto district, 255; 

analyses of, 258, 259. 

Pyroxenes in andesites of Moel-y- 
Golfn, 541. 

in diabases of the Breidden Hills, 

544. 

, rhombic, in palaiozoic peri- 

dotites. 397 . 

. chances in, in Hebridean rocks, 

377. 

of the Hebridean J gabbros, 

SGG. 


Eaised beaches in New Zealand, 

212 . 

Eeade, Mr. T. Mellard, on the drift- 
deposits ill Oolwyn Bay, 102. 

, on the evidence of the action 

of land-ice at Creat Crosby, Lan- 
casiiire, 454. 

, on boulders wedged in the 

Falls of the Cyufael, Ffestiniog, 
Proc. 7 . 

Eedehfie Toners, section of the ex- 
posure ut, 20 . 

Ri'dbdl shales, 482, 488. 

“Beets’' of the Lydenburg and De 
Ktwip goldfields, 572, 577. 

Eeiiartl, Prof., award of the Bigsby 
Gold Medal to, Proc. 35 . 

Ehyneliopora bispinosa, IK>2. 

Rhytidodendron, relationship of Ulo- 
deiidron to, Proc. 98 . 

2 u 
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Hhytina gigas, skeleton of, from the 
Pleistocene peat-deposite on Beh- 
ring’s Island, 457 . 

Kichmond, Surrey, Prof. Judd and 
Mr. 0. Ilomershain on the deep 
boring at, 528. 

Ricketts, Dr. 0., on some erratics in 
the Boulder-clay of Cheshire &(*., 
and the conditions of climate they 
denote, 591. 

Kimntiika series, 201. 

Kio-Tinto district, general description 
of the, 24t» ; stratigraphy^ of the, 
201 ; ore deposits of the, 202 ; sur- 
hice geology of the 2t)8. 

mines, Mr. J. 11. Collins on 

the geology of the. 245. 
River-Murray cliffs, Chi lust omatous 
Bryozoa from the, 279. 

Riwaka mountains, section through 

the, 2tH). 

series, P.H. 

Roberts, .Mr. T., and Mr. J. K. Marr. 
on the Lower Pahcozoic rocks of 
the neiglibourhood of Haverford- 
west, 47ti. 

Robeston Wathen litne.«,tone, 479 4H7. 
Ronier, Dr. F., award of the Mur- 
chison Medal to, iVor. 31 . 

Rotten reef. Spitzkop, section of, ,581. 
Rum, peridot ite.s of, ,*j9<t. 

Rutley, Mr. Frank, on fulgurite from 
Mont Blanc ; with a note on the 
Bouteillenstein or pseudo-cliry.solite 
of Moldnuihein in Bohemia. 1.52. 

, on breeciated porfido-rosso 

antico, 157. 

i^agor, in Carniola, hjssil flora of, 5tJ.5 
St. David.s, picrite boulder near, .51S. 
St. Erth, iUiocene deposit at,(i5. 

, section in pit near the >icarjige, 

66 . 

, section across the Il.nle valley 
at, 67. 

Salt, Lough, section througli, 28,5. 
Sandafell, I(?eland, 98. 

Scaphaspi. 4 , 5t). 

Schillcrizatioii, 888 , 408. 

Schistose rocks of Northern Donegal, 
221 , 280, 

Schists, |>orphyritic, of the Rio-Tinto 
district, 251. 

Schizoporolla Cecilii, 301. 

fenestrata, ,‘{ 0 l. 

— ~ pliymatoj)ora, 800. 

'lyrofeiisa^ 801. 

simplex, var. aldingen.sis, 8 tX). 

Ktriatula, 801. 

Sehriesheiin picrite, 520. 

Scotland, Prof. J. W. Judd on the Ter- 
tiary and older jicridotites of, 854. 


Scourie Dyke, analysis of andesine 
from, 135; analysis of dolerite 
from, 1,85 ; analysis of hornblende- 
schist from, 187. 

, metamorphism in the, 189. 

Seyclite ot Caithness, 401; analyses 
i»f, 402. 

Sections of Duodriiigton beach, 17 ; 
of the exposure at Redelifle Towers, 
2t) ; in ])it near St. Erth vicarage, 
66; across the valley of the Hayle 
at St. Frth, 67 ; along a part of 
the Dinorw'ig railway, on the 
north-east side of Llyn Padarn, 75, 
76; on coast nine miles N.E. of 
liusavik, 95; showing the position 
of the marine series of llii.saM'k, 
97; in ra\ine seven miles from 
llofsgll, leelaud, ItK) ; iu (lolwyn 
Bay, 102, PKl; through Low Barf, 
125: .showing the erosion of the 
chalk-wolds, 129; of a fold in 
Hebridean gnei^s, 142; from the 
v\H>t coast of N(‘w Zealand to Tas- 
inans Hay, 20<): from Howiek, 
Auckland, to the Wairda river, 210 ; 
from the Areti river to tlie Taki- 
timu mountains, 20,8 : in Barneslx'g 
(iaj) and on Lough (Jreonan, 228 ; 
west ofCroagli, 225; north of Dun- 
lewy Church, 225; from Diinaff 
Head to Londonderry, 285, from 
Dunfanaghy to Kilmacrenan, 2.85; 
.showing porphyntic mas-«.es in the 
Kio-Tinlo district, 252 ; iu railway- 
cutting oil wcht side of the Mesa 
de los Pinos, 252 ; of the south 
lode at Kio Tinto, 260; showing 
kernels of cobalt iferous oxide of 
i..angane.‘<‘. near Bella Vista, Rio- 
Tinto district, 2(H ; across the 
river Waijiara, 269; along We.ka 
Pass, 269 ; on south bank of CJoii- 
wny river, 271 ; through Amuri 
South Bluir, 272 ; of east heiwl of 
Kaikoura ]>eninsula, 278 ; of .south 
beach of Kaikoura jiciiinsula, 278 ; 
at Moorhey brick and tile works, 
4.55; in deep boring at Wellington 
(5illege, 494; on Soulh-oaHtcrn 
Railway near Wellington College, 
498 ; acroB.H the valley of Aldershot 
tow’ll, ,5(»2 ; ill cutting north of 
Wokingham station, .505 ; across 
Middletown Hill, 5.85, in small 
tributary of Bellcisjlo Brook, 545; 
of Curiosity Shop on the left bank 
of the liakaia river, 547 ; showing 
the geiKTal form of tlie country and 
the fall of the rivers from the High 
Veldt, ,571 ; of rotten reef, Spitz- 
kop, 581 ; of diorite dyke, Lisbon- 
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Berlyn, S. Africa, 583; in Bootle 
Bocks, Liverpool, 5^)2; in Happy 
Valley, Birkenliead, 593. 

Sedimentary formations in New Zea- 
land, table of, 194. 

Seeley, Prof. H. G-., award of the 
Lyell Medal to, Proc. 33. 

Selenaria niaeulafa, 308. 

Shells, fossil, collected by Mr. J. S. 
Gardner in Iceland, OG. 

Shiani Isles, peridotite of the, 393. 

Sholesljook liineslone, 480, 487. 

Shrewsbury coal-field, Mr. B. 0. 
Baviea on the, Proc. 107. 

Shropsliire, W(‘st, the igneous and 
associated rocks of the Breidden 
Hills in, 532. 

Sierra Moreiia, pyritic region of the, 

Sigillaria, relationship of Ulodendron 
to, Ptoc. 98. 

Silurian rocks of the Breidden Hills, 
53G. 

, Lower, of Welshpool, 

8])eciea of Phijlhpora and I'ham’- 
vibCKt* from the, 108. 

, Lpl’cr, ill North America, 

Ptcraspidia 1 fish from the, 4H. 

Siluriaiih of North America and 
]5ritain, correlation of. 57. 

Sirenia, li<t of fossil, 470 ; biblio- 
graphy, 471. 

Slade beds, 483, 488. 

Slates of the Rio-Tinto district, 24G ; 
ana Uses of, 247. 

Smittia Landsbor()^ii, 3(M). 

Mtliicana, ^ar. eoa'qiiaUi, 300. 

T(fta, 299, 

Somersetshire, l^ladreporaria from 
thetireat Oolite (»f. 170. 

South Africa, goldfields of Lydenburg 
and Be Kaap, in the Transvaal, 
5G9. 

l.sland of New Zealand, 194. 

— lode at Kio Tintu, sections of 
the, 2G0. 

Spherulito.s hollow, Mr. G. A. J. Colo 
on, l()2. 

Spinellids of the Hebridean gabbros, 
374. 

Spitzkop, section of rotten reef, 581. 

Stafholt, Iceland, 101. 

Stogan<>])orella magnilabris, 292. 

Kozieri, var. indica, 292. 

Sternal apparatus in Iquanodon, Mr. 
J. W. Hulke on the. 473. 

Stoiiieehinus bigranuluris, 435. 

Stony hurst, 271. 

8fromfyhvnifrotu,% 421 . 

Sty loam ilia excel aa^ 180. 

• repfana^ 1 79. 

Syenite of the Rio-Tinto district, 249. 


Takaka river, section crossing the, 

200 . 

system, 198. 

Takitimu mountains, section from the 
Oreti river to the, 203. 

Tasman’s Buy, section from the west 
coast of New Zealand to, 200. 

Tawhiti series, 209. 

Teall, Mr. »T. J. H., on the meta- 
morphosis of dolerite into horn- 
blende-schist, 133. 

Te Anau scries, 201. 

Tertiary basaltic formation in Ice- 
land, 93. 

Thamnisciis aniiqmis, 111. 

Thaninocoenia oolitica, 177. 

Thrust, lateral, evidence of, in granites 
and schists of Northern Bonegal, 
238. 

Thrnst-plane, section of, 233. 

Till, bluish-grey, in Colwyn Bay. 103, 
105 

Tjarnir, Iceland, 98. 

Tomes, Mr. R. F., on some imper- 
fectly known Madreporaria from 
the (’r<'taceou8 formation of Eng- 
land, Proc, III. 

, on some new or imperfectly 

knov^n Madreporaria from the 
Great Oolite of the counties of 
Oxford, Gloucester, and Somerset, 
170. 

Torbay, Mr. B. Pidgeon on some 
rectnit di.«covepies in tho submerged 
fore.*.! of, 9. 

Transvaal, goldfields of Lydenburg 
and Bo Tvaap. 5G9. 

Tricycloseris, 187. 

Triyonia Lyciffn, 42. 

, ^ar. corrugata, 43. 

northamptonensia, 35. 

pullus, 45. 

sp., 45. 

Trigo}ii{p, Mr. E. A. Walford on the, 
of the Lower and Middle Jurassic 
beds of North Ovfordshire and ad- 
jacent districts, 35. 

Trigonia' from the Lias, 3o ; from 
the Inferior Oolite, 37 ; from the 
Groat Oolite, 44. 

Triiiiicleus-seticoriiis beds, 480, 487. 

Triti/huhni, compari-'on of teeth of, 
with those of Kcoplagiaulax, 28. 

Turanganiii series, 207. 

Twinning, lamellar, in felspar-crystals, 
3G4. 


Ulodendron, Mr. R. Kidston on the 
relationship of. to Lepidodendron, 
Bolhrodendron, Sigillaria, and Rhy- 
tidodeudron, Pfvc, 98. 
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Ulster, Lower Eocene plant-beds of 
the basaltio formation of, 82. 

Ultra-baaio rocks, Tertiary, of the 
Hebrides, 889. 

Val d’Amo, mammalian fauna of the, 

1 . 

Vine, Mr. G. R., on species of PAyf- 
Jopora and Thamniscm from the 
Lower Silurian rocks of Welaiipool, 
Wales. 108. 

, on the Polyzos and Forami- 

nifera of the Cambridge Greensand, 
Ftoc. loi. 

Voluta Lamberti, Vroe. s. 

Waihao limestone, fossils from the, 

VTaipara river, section across the, 
209 . 

system, 204; eruptive rocks of 

the, 2i:>. 

Wuir<<a series, 202. 

Waitaki, > alley of the, fo‘»sil« from 
the, .V)8; map of the valley of the, 
and neighbourin^r region, ,">(>1 

Wairem/tta series, 209. 

Wales, occurrence <»f picrites in. 511. 

Walford, Mr. E. A., on the strati- 
graphieal j>ositions of 1 rufoni<p of 
the Lower and Middle Jurassic 
beds of Jiorth Oxfordshire and ad- 
jacent districts, .‘15, 

W^maka series, 199. 

Wan^nui system, 211 ; eruptive 
rocks of the, 217. 

Waters, ferruginous, from Rio-Tinto 
mines and works, 255. 

Waters. Mr. A. W.,onChilo8toniatou8 
Bryozoa from Aldinga and the 
Murray-River clifis, South Aus- 
tralia, *279. 

Watts, Mr. W. W., on the igneous 
and associated rocks of the Breiddeti 
Hills, m East Mon tgomeryfah ire and 
West Shropshire, 582. 

Wealden Ostraooda, Prof. T. Rupert 
Jones on the, 811. 

Weka Pass, section along, 209. 

“ Weka-pass Stone ” of New Zealand, 
Capt. F. W. Hutton on the geo- 
logical position of the, 2f50. 

, list of fossils from the, 

.5.54. 

, palmontology of the, 275. 
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Well-boring, deep, at Richmond, 523 ; 
at Chatham, 520. 

Wellington Colley section across Ute 
valley north of, 603; road-section 
north of, 504. 

lakes, sections at, 499, 

, well-section at, 403, 494. 

station, milway-outtings 

at, 490, 498. 

Well-sections in Bagshot area, 493. 

Welshpool, Mr. G. R. Vine on s}>ccies 
of Vhylhpora and Thamnii^itit from 
the Lower Silurian rocks of, iOS. 

Wenlock limestone and Niagara group, 
fos.**ila of tile, compared, 57. 

shale in the Breiddeu Hills, 

537. 

We.sleru Isles, Tertiaiy peridotitfs of. 
3.53 ; gabbros of, 3,57 ; dolerites of, 
358. 

West -Indian phosjiliatcs, Mr. G 
Hughes on some, SO. 

WtMlaml formation, 201. 
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